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ABSTRACT 

This thesis presents a method of reducing the time re- 
quired to accomplish ship design feasibility studies by 
coupling a naval surface combatant synthesis model with a 
general purpose nonlinear optimizer. Brief descriptions of 
optimization techniques and synthesis models are presented. 
The selection of design variables, constraints, and objec- 
tive function is presented via a design example. Further 
examples are given illustrating the ability to start with 
infeasible designs and proceed, through optimization, to 
feasible designs. Examples of ships developed using 
different objective functions are also presented. The 
synthesis /opt imizer system provides results in a rapid and 
descriptive manner which compare favorably with existing 
designs and provides the naval architect with an efficient 
tool to use in the conceptual design phase of naval surface 
combatants . 
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I . INTRODUCTION 



A . BACKGROUND 

In today's environment of rapidly increasing costs, 
technological complexity, and grov/ing threats, we must 
actively pursue ways in which to improve the effectiveness 
with which we apply the limited resources available to the 
design of naval combatants. Currently, the design process, 
from feasibility studies through keel laying of the lead 
ship takes almost a decade to complete. There is growing 
pressure to accelerate this process wherever possible in 
the design sequence. Inflation appears to be the primary 
motivator for this pressure; as we can look to painfully 
expensive examples of construction projects, which when 
delayed for whatever reason resulted in increased costs 
without significant platform improvements as compensation. 

The naval architect and naval engineer involved in the 
design process today can turn to the high speed digital 
computer for a viable means of reducing the time required 
for the design process and thereby achieve significant 
monetary gains while maintaining or improving the quality 
of the design product. The goal of "best ship at least 
cost" and the "computer revolution" have resulted in a 
very successful software development effort within naval 
research activities. Reference [1] provides a catalog of 
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computer-aided design and construction (CASDAC) programs 
currently used by the Naval Sea Systems Command. The pro- 
grams range from routines used for data management to 
complex synthesis model and arrangements packages. 

The design of naval vessels can be categorized into 
three major phases. These are; 

1. Conceptual Design 

2. Preliminary Design 

3. Contract Design 

At each phase, the ship is defined in greater detail than 
the previous phase. 

Conceptual design can be further subdivided into two 
components; 1) the feasibility study and, 2) the concept 
design. These too, represent levels of design detail with 
feasibility studies being the first and the crudest esti- 
mate of the ship, and concept design being the development 
and optimization of a single or several ships selected 
from feasibility studies. 

Mills, in [Ref. 2], defines feasibility studies as 

"...an estimate of the ship system level physical 
characteristics and cost related data for a design 
which represents a feasible solution to a specific 
set of performance requirements." 

Restated, a feasibility study is a shortcut estimate of a 

ship's principal characteristics, machinery systems and 

various coefficients which when taken as a whole, are a 

feasible solution to the owner's specifications or desires. 
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Feasibility studies can be used for trade-off studies where 
new designs are evaluated; for subsystems trade-off studies, 
i.e. how different propulsions systems might work in a 
DD-963 hull, for evaluating changes in design standards and 
practices, or "for determining an optimum feasible design 
with which to start the preliminary design phase. 

It is evident from the brief descriptions above that 
large numbers of feasibility studies are required to satisfy 
all of the designers needs. This demand for volumes of 
output and information has resulted in feasibility studies 
being successfully computerized in the form of synthesis 
models. A synthesis model is an engineering design 
procedure for converting a set of requirements into the 
physical description of a ship which can satisfy those 
requirements. The ultimate result of using the synthesis 
model as a design tool is the ability to produce a far more 
detailed and accurate design earlier in the design sequence, 
thereby saving precious time and money and providing more 
reliable guidance in the design selection process. 

B . PROBLEM STATEMENT 

The main problem, simply stated, is that the design of 
naval surface combatants must be accomplished as quickly and 
as inexpensively as possible to prevent inflationary over- 
runs and technology lag. The past three decades have 
provided numerous examples of the consequences of "too long 
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and too much." This thesis is intended to provide the 
designer a tool with which he can confidently accelerate 
the conceptual design phase and still produce high quality 
designs. The synthesis system will further free the designer 
to try innovative design concepts heretofor stymied by the 
burden of manual calculations and routine decisions. 

C. SCOPE 

The purpose of this thesis is to couple two existing 
computer programs; a naval surface combatant synthesis 
model [Ref. 3], and a general purpose non-linear optimizer 
[Ref. 4], to produce a synthesis system which will further 
enhance the ability of the naval architect during the 
conceptual design phase. Instead of using a synthesis model 
to generate hundreds of designs and then manually selecting 
one which appears to be the "best,” the synthesis system 
will let the computer make the decision based on the limi- 
tations or constraints, and design requirements, coded in 
mathematical terms. 

This process may be illustrated using the traditional 
design spiral. Synthesis models currently in use reflect a 
computerized version of the spiral which iterate until they 
converge to a feasible design or diverge and terminate with 
no design. Figure 1.1 illustrates this concept. Figure 1.2 
presents the opt imizer /synthesis cycle proposed in this 
thesis. Here only one cycle is generated in the spiral with 
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Figure 1.1 Traditional Design Spiral. 
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OPTIMIZED DESIGN SPIRAL 



LBP, L/g, B/^ , Cp, 
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Figure 1.2 Optimized Design Spiral. 
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the optimizer changing design variables to meet the require- 
ments of the design simultaneously with the calculations 
around the path. Differences between the desired and 
calculated values of specified parameters are treated as 
constraints which the optimizer works to satisfy. As can be 
seen graphically, much time and computational effort has 
been saved as a result of this process. 

It must be emphatically stated at this point that the 
synthesis system is a design tool, as are the individual 
synthesis model and the optimizer routine, and all of them 
must be used carefully with considerable common sense and 
good engineering judgement. 

The benefits of such a system are manifold and represent 
some of the best aspects of the individual programs. 

Several are listed below. 

1. An automated, optimized synthesis system further 
reduces the computational time necessary to do a 
feasibility study. 

2. The results are consistent throughout the design 
with the computer making decisions and calculations 
as a matter of routine. This consistency is impor- 
tant when considering designs of radical character. 

3. The results are more comprehensive. The synthesis 
model produces detailed output of essential data 
while the optimizer generates an easily traceable 
optimization trail, from which any design other than 
the optimum may be selected and evaluated. 

4. The ability to conduct studies on designs optimized 
with respect to different design objectives, i.e. 
minimum displacement versus minimum cost , while 
maintaining the same repeatable design practices 
and standards. 
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5. And finally, the freedom to be innovative and 
creative in design as a result of no longer 
being tied to long, tedious manual calculations. 

D. PRESENTATION OF THESIS 

The remaining chapters of this thesis are outlined as 
follows. Chapter II presents a brief background on the 
optimization methods used in the COPES/CONMIN optimizer. 

A two variable design example is presented as an illus- 
tration to further highlight the optimization procedures. 

Chapter III is a summary of the Reed synthesis model's 
salient features including logical program flow and a 
brief description of the program's subroutines. 

Chapter IV presents the modifications that were necessary 
in the Reed model to couple it with the COPES/CONMIN opti- 
mizer. Constraints that were added are justified and 
presented. 

Chapter V is a short design example using mission 
requirements similar to those of an FFG-7 as a baseline 
design. The example is used to present arguments sup- 
porting selection of objective functions and design 
variables . 

Chapter VI presents design examples using different 
objective functions and comments on the merits of the 
synthesis system. 

Chapter VII offers conclusions and recommendations. 
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Appendix A is a computer listing of the design example 
presented in Chapter V. 

Appendix B is a listing of the elements in the GLOBCM 
COMMON block, identifying their global locations and 
meanings . 

Appendix C is a listing of nomenclature used in this 
thesis . 
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II . OPTIMIZATION TECHNIQUES 



A. INTRODUCTION 

This chapter will present some of the fundamental 
concepts and definitions required to understand the opti- 
mization methods used in the COPES /CONMIN optimization 
program. COPES /CONMIN is then discussed in brief and a 
short two variable design example is presented to illustrate 
the methods used in determining the optimum solution. The 
explanations are necessarily short as it is assumed that the 
reader is already familiar with optimization methods. 

Should further details be desired, Fox [Ref. 5] and 
Kimmelblau [Ref. 6] are very good texts which may be 
consulted . 

B. DEFINITIONS. 

It is important to define several key terms used in the 
optimization problem formulation. These are: 

Design variables — The parameters for which values are to 
be chosen in producing a design will be called design vari- 
ables. In the conceptual ship design phase these might be 
length, speed, beam to draft ratio, length to beam ratio, 
block coefficient, etc. Design variables may be constrained 
to a limited range, i.e. 300 to 700 feet for the length 
between perpendiculars, or they may take on any value. 
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Objective function — The single valued function with 
respect to which the design is optimized is called the objec- 
tive function. Selection of the objective function can be 
one of the most important decisions in the design process. 

For ship designs, parameters such as displacement, economic 
measures of merit, speed, structural member fabrication costs 
and weight may be used. It is also possible to combine 
several important parameters to form a weighted combination 
which is to be optimized. This procedure is discussed 
extensively by Leopold and Reuter [Ref. 7]. 

Constraints — The design restrictions which must be 
satisfied in order to produce an acceptable design are 
collectively called constraints. In the design of a ship, 
many constraints are specified by the owner prior to any 
calculations being done. Some of these may be maximum navi- 
gational draft, maximiun or minimum length or displacement, 
and certainly some measure of stability. If a parameter is 
beyond the value of a specified constraint, the constraint 
is said to be violated. 

Infeasible Design — A design in which constraints are 
violated is called an infeasible or unacceptable design. 

Feasible Design — A design which satisfies the specified 
constraints is called a feasible or acceptable design. 

Side Constraint — A constraint which restricts the range 
of a design variable for reasons other than the direct 
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consideration of performance is called a side constraint. A 
side constraint in the design of a ship may be the minimum 
length or draft. 

C. COPES /CONMIN 

The COPES /CONMIN optimization program is a general pur- 
pose, non-linear optimizer capable of handling large, con- 
strained problems. It has been successfully used in 
connection with aircraft synthesis models [Ref. 8], 
structural optimization [Ref. 9], airfoil design [Ref. 10], 
and numerous other engineering applications. Although the 
code itself is very sophisticated, the primary methods of 
optimization used are conjugate directions for locally 
unconstrained problems and feasible directions for locally 
constrained problems. 

It solves the general non-linear optimization problem 
stated as follows: 



Minimize 


OBJ = F(X) 




2.1 


subject to; 


G.(X) < 0 


for i = l,m 


2.2 




0 11 
XV < X. .< X. 

Ill 


for i = l,n 


2.3 


where OBJ is the 


objective function. 


The vector X 


contains 



the "n" design variables. G^^CX) define the constraints 
imposed by the designer on the optimization problem and "m" 
is the total number of constraints. F(X) and G^(X) may be 
either implicit or explicit functions of the design variables 

%, U 

X, but must be continuous. The variables X. and X. define 
— 11 
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the lower and upper bounds, respectively, on the design 
variable and are the limits over which F(X) and G^^CX) 
are defined. 

The n-dimensional space spanned by the design variables 
X is referred to as the design space. As stated previously, 
any design which satisfies the inequalities of equation 2.2 
is referred to as a feasible design. If the design violates 
one or more of the inequalities, it is said to be infeasible. 
The minimum feasible design is said to be optimal. 

The optimization program begins with an initial X vector 
which is input to the program and may or may not define a 
feasible design. The optimization process then proceeds 

iteratively by the following recursive relationship: 

j^Cq+l) _ 2.4 

where q is the iteration number, vector S is the direction 
of search in the n-dimensional design space, and a* is a 
scalar which defines the distance of travel in the direction 

S. 

The optimization process then proceeds in two steps. 

The first is the determination of a direction ^ which will 
reduce the objective function without violating constraints. 
The second is the determination of the scalar a* so that 
the objective function is minimized in this direction, a 
new constraint is encountered, or a currently active con- 
traint is encountered again. 
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Consider for example, a hypothetical problem in which we 
wish, to minimize the displacement of a naval combatant in 
terms of two design variables; length between perpendiculars 
(LBP), and the length to beam ratio (L/B). There are also 
two constraints for this problem: constraint G1 requires 

that the calculated full load displacement is equal to or 
greater than the displacement estimated by an empirical 
formula, and constraint G2 requires that, in a similar 
manner, the calculated vertical center of gravity be 
greater than or equal to the empirical estimation. 

Figure 2.1 is a graphical representation of such a 
problem showing the contours of constant objective function 
value as well as the constraint boundaries. Assume that a 
design at point A is given so that initially no constraints 
are active or violated. The program then begins by 
initially perturbing each of the X variables to determine 
its effect on the objective function (full load displace- 
ment). That is, the gradient of the displacement function 
is calculated by the finite difference method. Because no 
constraints are violated or active, it is obvious that the 
greatest improvement in the objective function is obtained 
by moving in the negative gradient or steepest descent 
direction so that S = -V(DISPFL) . Having determined S, 
the scalar a* in equation 2.4 must now be determined so 
that either the objective function is minimized in this 
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LBP (FEET) 

615.0 625.0 635.0 615.0 655.0 665.0 675.0 



TWO VRRIRBLE DESIGN SPRCE 

L/B RATIO VS. LBP 




LENGTH TO BEAM RATIO (NON-QIMSL) 



Figure 2.1 Two Variable Design Space Example. 
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direction or some constraint boundary is encountered. A 
one-dimensional search is done in the direction S to deter- 
mine the appropriate value for a* so that an improved design 
can be achieved at point B. No further improvement can be 
achieved in this direction as the constraint G1 is encoun- 
tered. Now a search direction must be found which will 
reduce the objective function without violating the 
displacement constraint, Gl. Such a direction can be 
found by solving a linear programming subproblem with a 
single quadratic constraint. The details of such a problem 
are given in [Ref. 9] and [Ref. 11]. 

The goal of the subproblem is to find a search direction 
which will minimize the objective and yet not violate any 
constraints. If no such direction exists, then the current 
point is considered optimal or at least a local minimum. In 
the example, a direction can be found and the design pro- 
ceeds from point B to point C where constraint G2 is 
encountered. The subprogram is solved again, resulting 
in a further reduction of the objective and an active 
constraint at point D. From point D, the one-dimensional 
search yields a solution at point E in Figure 2.1 which 
is the vertex of the two constraints. Once again the 
design variables are perturbed to obtain the gradient of 
the objective and both active constraints, thus the linear 
subproblem is solved. This time the solution is zero. 
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indicating the optimal design has been achieved. Point E is 
clearly the optimum since no direction exists at this point 
which will reduce the objective function any further without 
violating one or both of the constraints. 

For preliminary designs, it is often quite possible for 
the initial design to start in the infeasible region. Logic 
is included in the optimization program so that if this 
situation occurs, a direction vector S is obtained which 
will point toward the feasible region with a minimal 
increase in the objective function. 

The methods used in this example are, in principle, 
directly extendable to the n-dimensional problem. Also, 
additional constraints can be imposed without increasing the 
complexity of the design process. For the Reed/COPES/CONMIN 
system it appears that the optimizer is comprehensive enough 
to easily handle all the design variables and constraints 
the designer could possibly want without any significant 
increase in computational time. Also, ship designs are 
noted for their condition of flat-laxity in terms of similar 
ships having similar dimensions and design parameters. This 
condition increases the probability of the optimizer 
achieving an optimal solution. 
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SHIP SYNTHESIS MODELS 



A. HISTORY 

As stated in Chapter I, a synthesis model is an engi- 
neering procedure which converts a specific set of perform- 
ance requirements into the physical description of a ship 
which satisfies those requirements. There have been 
several synthesis models available for the naval ship 
designer since the late 1960 's. Two of these models, 
currently used by the Navy, were the primary reference 
sources for the development of the Reed model used in this 
thesis. They are the U.S. Navy's destroyer model DD07 
[Ref. 2] and Center for Naval Analysis Conceptual Design of 
Ships Model (CODESHIP) [Ref. 3]. A third model developed 
by the Coast Guard patterned primarily after the DD07 
synthesis model was also used as a reference in constructing 
the Reed model [Ref. 12]. 

The destroyer model, DD07 , was first developed in the 
I960 ' s and has been continually updated since then. This 
model was developed to represent only U.S. destroyer type 
ships . 

The general framework for the method of analysis used in 
the CODESHIP model was also conceived in the sixties at the 
Center for Naval Analysis. CODESHIP was created to model 
ships which range in size from patrol craft to aircraft 



27 



carriers. Because of the wide range of ship types in the 
data base, the CODESHIP model is not as accurate in pre- 
dicting actual values as a model designed for a specific 
ship type, e.g. DD07 for surface combatants. The greatest 
asset CODESHIP provided in the development of the Reed model 
was its highly versatile input and output features. 

B. REED MODEL DESCRIPTION 

The Reed model used in this thesis was developed to pro- 
vide a more versatile synthesis model than CODESHIP and DD07. 
Specifically, the model allows the designer to control the 
design standards and practices to which the ship is designed 
and to observe the resulting ship characteristics from a 
more functional level than existing models provided. Although 
based on standard calculations derived from functionally 
similar ships, the designer is still given the opportunity 
to be flexible in his selection of values reflecting 
different design standards and practices. The resulting 
synthesis model enables the user to explore a significantly 
greater number of design options and provides a greater free- 
dom than previously allowed with manual calculations or even 
other synthesis models. 

The Reed model has been used at the Massachusetts Insti- 
tute of Technology since 1976. The primary purpose for the 
use there has been academic, although the results the 
model produces are certainly consistent with current design 
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practices. In addition to its applications during concep- 
tual design, the Reed model can also be used during later 
design phases as a design aid for updating predictions, 
and as a tool for conducting comparative naval architecture 
studies . 

The Reed model is limited to surface displacement ships 
configured as naval combatants. The data base was created 
using ships which ranged in full load displacement from 1,770 
to 16,294 tons and which had lengths between perpendiculars 
of 301 to 700 feet. No cost characteristics are calculated 
by the model. 

C. REED MODEL ORGANIZATION 

The Reed model, as it was received, is controlled by a 
main program. The main program calls the various subroutines 
as required to calculate information for output and to let 
program execution proceed. Program control organization 
is shown in Figure 3.1. 

The logical program organization or program flow is 
shown in Figure 3.2. The program begins by reading the 
following data; 

1. Names of items to be printed in the output, 

2. Residual resistance coefficient values taken from 
the Taylor Standard Series [Ref. 13], and 

3. Data for all the items in the payload shopping list. 

If more than one ship is to be run, the specifications for 
the second ship are then read using subroutine DATA2 . 
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Figure 3.1 Reed Model Program Organization. 
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Figure 3.2 Logical Program Organization. 
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Following this, the main program calls subroutine SPAYLD 
which is used to sort the weights of the payload items input 
and place them in the proper BSCI^ weight groups. The value 
of WPAYIN, the total weight of payload input, is calculated 
and is used for the initial estimation of the full load 
displacement, should the length between perpendiculars (LBP) 
not be specified. 

Next, the underwater hull shape is determined in the 

2 

subroutine UWDIM. Values input to this subroutine are LBP, 
free surface effect correction, Cp, Cx, GM/B, as well as the 
estimated KG and full load displacement. Output values from 
UTOIM are beam, draft, and Cv;p. 

If the length between perpendiculars LBP, is not speci- 
fied at the start of the program, it is calculated in the 
subroutine GEOM prior to transferring control to UWDIM. 

This feature was removed from the synthesis model when it 
was coupled to COPES/CONMIN and it is assumed that the 
designer will have a reasonable estimate of LBP to begin 
the design. 

Subroutine HPCALC is called to determine either the 
maximum sustained speed, VSUS, or the horsepower required at 

^BSCI — "Bureau of Ships Consolidated Index of Drawings, 
Materials, and Services, Related to Construction and Con- 
version" of February 1965 and given in an appendix to 
Reference [14] . 

2 

Variables used in this thesis are described in Appendix 
C, Nomenclature. 
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the maximum sustained speed, SHP. If VSUS is input, the 
KPCALC routine along with the CRVAL subroutine generate an 
estimate of the horsepower required to maintain the maximum 
sustained speed. If SHP is input, HPCALC is used to compute 
a corresponding VSUS through an iterative procedure. HPCALC 
is called a second time to find the horsepower required at 
endurance speed. Endurance speed must be input. 

Next, the subroutine EPLANT is called to calculate 
cruise, battle, and 24 hour average electric loads. Based 
on these estimates, the required number and size of the 
generators is determined. The electric loads and number of 
generators may be input, in which case these calculations 
will be by-passed. 

Subroutine MACHLQ is called to calculate machinery and 
other related liquid weights. Liquids considered machinery 
related are potable water, reserve feed water, lube oil, 
fuel oil, and diesel oil. These calculations are based on 
the military requirements of the ship. Liquid weights are 
used to determine the required tankage volume. 

MBSIZE determines the minimum depth of the machinery box 
which then corresponds to the minimum depth the ship must 
have amidships. 

The next step is to calculate the required and available 
volumes for the ship and to achieve a balance between the 
two. This is done in the VOLUME and SHEER subroutines. As 



33 



most naval combatants are now considered volume-limited, 
this is one of the most important aspects of the synthesis 
model . 

The subroutine WEIGHT next determines the weights of all 
light ship and load items that are not payload-related. 

Full load displacement is calculated and it is then compared 
to the estimated value of displacement used to proceed this 
far in the program. If the two values are not within a 
specified tolerance, say 10 tons, the program reestimates 
displacement and iterates through all previous calculations. 
If the two values are within the specified tolerance, then 
the program continues on and compares the estimated and 
calculated values for the vertical center of gravity. In a 
similar manner, if the two values are within a specified 
tolerance, the program continues; if not, there is a new 
estimate generated and an iterative process proceeds until 
agreement is made. The vertical center of gravity is 
calculated in the subroutine VRTCG. If after a specified 
number of iterations, the comparisons for either displace- 
ment or vertical center of gravity are still not within the 
desired tolerances, the program prints an error message and 
terminates . 

At this point in the synthesis model, all essential 
calculations have been completed and the principal charac- 
teristics and coefficients of the "feasible" design have 
been determined. FNCGRP is called to place weights and 
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volumes into their proper functional groupings as listed in 
Appendix C of Reference [15]. These groupings form a major 
portion of the detailed output from the synthesis model. 

The subroutine SEASPD calculates the speed the vessel is 
able to sustain in the North Atlantic Ocean in order that 
relative comparisons may be made of seakeeping characteris- 
tics . 

The final subroutine is OUTPUT which prints the input 
specifications first, followed by the payload items input, 
summary of results from the final estimate of principal 
characteristics, functional group results, BSCI weight 
listings, and the functional electrical loads. The OUTPUT 
routine is very versatile in that any portion of the above 
output may be supressed or printed as the designer desires. 

The above descriptions of the subroutines in the Reed 
synthesis model were designed to give the reader a general 
idea of how the program functions. The routines are 
described in much greater detail in [Ref. 3] and [Ref. 12]. 
The reader is encouraged to use these to make changes to the 
synthesis model or to gain a greater understanding of the 
program. 
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IV. COUPLING COPES /CONMIN AND THE REED MODEL 



A. SELECTION OF DESIGN VARIABLES AND OBJECTIVE FUNCTIONS 
One of the most important decisions in the development 
of the synthesis system is the choice of parameters to be 
used as design variables and objective functions. Review of 
current literature pertaining to preliminary design syn- 
thesis and optimization models, [Ref. 16-22], produced two 
different approaches to the problem. Nowacki [Ref. 16], 
worked with a single economic measure of merit (required 
freight rate) for the objective function of tanker designs 
and used speed/length ratio, B/T, L/B, Cb, and L/D as 
design variables. Mandel and Leopold [Ref. 17], recommended 
that for tanker or general cargo vessels a three-term 
weighted optimization criterion be used as the objective 
function. One term would be an economic criterion, the 
second term would take into account payload weight and the 
third term payload volume. Both payload terms are based on 
the owner's requirements. They selected displacement, Cp , 
speed/length ratio, B/T and L/D as the five design variables 
Leopold and Reuter [Ref. 7], carried the multiple term 
optimization criterion a step further in their paper on 
design methods and philosophies for the FDL, LHA, and DD-963 
Here they proposed an optimization criterion containing 
seven terms; cost, effectiveness, flexibility, availability. 
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habitability, vulnerability, survivability, innovation, and 
nonobsolesence . Through this was never expressed as a 
mathematical function, it indicates the attempts to 
quantify key parameters in optimization methods. 

From the summary presented by Nowacki [Ref. 16], it was 
apparent that some sort of economic measure of merit was the 
dominant objective function for commercial vessels. This is 
to be e.xpected as profit is the motivation for construction 
and operation of a commercial vessel. Military vessels, 
specifically naval combatants, are not required to be profit 
able. Their mission is to deliver a military payload at 
a specified time and place and to provide military services 
when and where needed. Therefore, economic criteria, though 
certainly important, are not as vital to the designer as are 
the ability of the vessel to carry its military payload and 
perform its military duties. 

In recent years, the naval combatant has become area/vol 
ume critical in nature. Accordingly, this has become the 
dominant factor in establishing the ship size. Taking into 
account the fact that voliome is critical and that there 
exists an implicit relationship between volume and displace- 
ment, it was decided that displacement would be the most 
representative variable for the objective function. Accord- 
ing to Manning [Ref. 22; p. 101], using least displacement 
as a measure of merit for the military vessel gives the 
highest ratio of military payload to displacement. This 
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selection is further supported by the fact that total ship 
cost can be roughly estimated by the displacement. 

The design variables selected for the Reed /COPES /CONMIN 
system were LBP, L/B, B/H, Cp , and Cx. These variables were 
selected by running sensitivity studies on displacement with 
respect to each design variable over a specified range of 
values. The payload and all other factors remained constant 
in this analysis as each design variable was tested. It is 
felt that these variables are the most significant in the 
determination of the principal characteristics and provide 
the designer with considerable flexibility for innovation. 

It should be noted that any one of the design variables 
may be designated as the objective function so that compari- 
sons of designs with, say displacement as the objective 
function can be made with designs that may have used LBP or 
Cp as the objective function. Also, should the designer 
desire, he may designate any of the other variables used in 
the Reed model as objective functions and/or design vari- 
ables. It is only necessary to ensure that the variable is 
listed in the GLOBCM statement. 

B. THE GLOBCM STATEMENT 

The GLOBCM COMMON statement is a requirement of the 
COPES/CONMIN program. All variables used as objective func- 
tions, constraints and/or design variables must be listed 
in the common statement and the statement must appear in 
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each subroutine the variable is used in. It is used by the 
optimizer as a catalog to identify where the design vari- 
ables, objective function(s), and constraints are, and what 
purpose they fulfill. In the Reed /COPES /CONMIN system the 
GLOBCM statement has DISPEL, full load displacement, and a 
2500 element vector labelled S as entries. The S vector 
contains input parameters, payload items and quantities, 

BSCI weight group data, BSCI vertical center of gravity 
data, volume values for payload and input items, elec- 
trical load values, miscellaneous parameters and coefficients, 
and space for inputting any special payload items not in- 
cluded in the standard payload shopping list. DISPEL was 
added to GLOBCM because it was not in the S vector. All of 
the design variables used in this thesis are contained in 
the S vector. The element numbers are listed in Appendix B. 

C. CONSTRAINTS 

In order to couple the Reed model with COPES /CONMIN , it 
was necessary to make several major modifications to the 
synthesis program. In addition to the modifications, all 
default parameters were replaced by constraints. 

The main program in the Reed model had two iterative 
loops which were removed. The first loop occurred after all 
the weight calculations had been done. The purpose of this 
loop was to check to see if the calculated value for the full 
load displacement equalled the estimated value for displacement 
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within a user specified tolerance. If the difference was not 
within the tolerance, the program would estimate a new 
value for displacement , calculate a new full load displace- 
ment and make the check again. The iteration continued until 
the check was satisfied or a maximum number of iterations 
was achieved at which time an error message was printed and 
the program terminated. This loop was replaced with a single 
constraint. The quotient of the calculated displacement to 
the estimated displacement minus one is required to be less 
than or equal to zero. 

G1 = DISPFL/DPTRY - 1.0 £ 0.0 
The second loop in the main program is exactly the same 
as the first except that it compares the initial and cal- 
culated values for the vertical center of gravity (VCG). 

This loop was replaced with a constraint similar to the 
first using calculated VCG and estimated VCG. 

G2 = CGFLD/KGTRY - 1.0 < 0.0 

In the subroutine UWDIM, two default values were replaced 
by constraints. These defaults required that the beam to 
draft ratio be greater than two and less than four in order 
to use the residual resistance coefficients in the Taylor 
Standard Series tables. The constraints are: 

G3 = 2.0/BTR - 1.0 < 0.0 
G4 = BTR/4.0 - 1.0 < 0.0 

A third constraint is added here to satisfy a stability 
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criterion. A variable R is introduced in the subroutine 
with a value of: 

R = KB + BM - GM - KG - FSCORR 

When R = 0, the stability criteria is just satisfied, there- 
fore the constraint 

G5 = -R/10 <0.0 

must be less than or equal to zero to ensure a stable de- 
sign. R is divided by ten as a means of scaling in order 
that G5 will have the same relative magnitude as the other 
constraints . 

Subroutines HPCALC and CRVAL have the greatest number of 
constraints in them due to the limitations of the Taylor 
Standard Series power estimation. The maximum ranges for 
the input variables that are accepted are listed below: 

2.0 < B/H < 4.0 
0.48 < Cp < 0.70 

0.001 < Cv < 0.006 for 0.5 < V/vT < 1.3 
0.001 < Cv < 0.003 for 0.5 < V//L < 2.0 
These are translated into the following constraints: 



G3 


— 


2.0/BTR - 


1.0 < 


0.0 


G4 


= 


BTR/4.0 - 


1.0 < 


0.0 


G6 


= 


0.48/Cp - 


1.0 < 


0.0 


G7 




Cp/0.70 - 


1.0 < 


0.0 


G8 


= 


0.5/SLRAT 


- 1.0 


< 0.0 


XX 


= 


SLRAT/1.3 


- 1.0 


< 0.0 


G9 


= 


0.001/Cv - 


• 1.0 


< 0.0 
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GIO = Cv/0.006 - 1.0 < 0.0 



Gil = SLRAT/2.0 - 1.0 < 0.0 
XXX = Cv/0.003 - 1.0 < 0.0 
G12 = -1.0 

IF ((XX .GT. 0.0) .and. (XXX .GT. 0.0)) G12 = 1.0 

The remaining constraints appear in the subroutines 
VOLUME and SHEER. In the routine VOLUME, there was a loop 
which iterated to match the total estimated ship volume with 
the total calculated ship volume by increasing the deck 
house size or by adding a raised deck to the ship. This 
loop was replaced by the following constraint: 

G13 = RSSV/DHV - 1.0 < 0.0 

D. FURTHER PROGRAM MODIFICATIONS 

As stated previously, it is necessary for the operation 
of COPES/CONMIN to have the analysis portion (i.e. the 
synthesis model) of the program in subroutine form. The 
subroutine is called ANALIZ and has the calling parameter 
ICALC. When ICALC = 1, the data for the operation of 
COPES/CONMIN is read in. For ICALC = 2, all the analysis 
calculations are performed by the optimizer, and when ICALC 
= 3, the final results are printed out. Lines were inserted 
into the Reed program at the appropriate points to facilitate 
the operation of ANALIZ as stated above. 

In the stand alone form, the Reed model is capable of 
analyzing one or more ships as the designer desires. The 
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Reed / COPES /CONM IN system will process only one design at a 
time. This is not considered a problem because changes to 
the input data files are made easily and the computational 
time for each run is short. 

Subroutine GEOM was deleted from the program. This 
subroutine calculated a LBP based on the weight of the 
payload when no LBP was input to the program. It is felt 
that the designer can estimate a LBP which the optimizer 
can start with and proceed to an optimum design. 

Extensive changes were made in the subroutine SHEER. 

It is assumed that the minimum depth amidships is the same 
or greater than the depth of the machinery box. This 
value is compared to LBP/16 and the largest of the two 
values is selected as the depth amidships. Having satisfied 
this criterion, an iterative routine was used to estimate 
the freeboard at the forward and after perpendiculars. 

The iterations were based on an assumption that sheer 
fractions of 0.01 and 0.03 forward and 0.001 and 0.0075 aft 
were esthetically and structurally satisfactory. If these 
fractions could not be met, the program printed an error 
message and terminated. This was changed so that when the 
depth amidships was established, the freeboard at the forward 
and after perpendiculars were assigned as: 

FO = (0.03^LBP + DIO) - H 
F20 = (0.0075*LBP + DIO) - H 
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respectively. These values are comparable to those produced 
by the Reed model alone and simplify the design process. 
Should different values be desired, it is only necessary to 
change the two equations. 

The Reed model was written giving the program the option 
to add a raised deck to the hull if the total required 
arrangements volume was greater than the total available 
arrangements volume. The option was deleted from the 
program and replaced by constraint G13. Should the designer 
wish to have a raised deck design, the calculations can be 
replaced but care must be taken to ensure that no design 
variables are altered by an internal loop, thereby short- 
cutting the optimizer. 

There were numerous small changes made to the Reed model 
to make the coupling of the two programs more efficient. 

They are, however, insignificant and will not be documented 
here . 
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V. DESIGN EXAMPLE 



A. INTRODUCTION 

This chapter will present an example using the 
Reed/COPES/CONMIN synthesis system. It is assiimed that the 
user is familiar with Appendix A, the User's Manual, of 
Reference [3] and the data description and input format for 
COPES presented in Reference [4] . The logic for the selec- 
tion of the objective function, design variables, and 
constraints will be discussed as the method of problem 
presentation . 

B. EXAMPLE DESCRIPTION 

All designs start with the owner's requirements or in 
military terms, the Operational Requirements (OR). This 
delineates the military payload and mission to be accom- 
plished over the lifetime of the ship. From the OR, the 
designer is able to select those parameters which will 
help him make an initial estimate of the ship, i.e. start 
the conceptual design phase. In this example, the 
operational requirements will be similar to those of an 
AAW/ASW capable escort ship like the Oliver Hazard Perry 
class frigate. 

Mission requirements specified in the OR will generally 
dictate the type of equipment required in the design. Table 
21 of Appendix A, [Ref. 3] can be used like a shopping list 
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at this point. The designer can pick and choose the weapons 
systems, electronics suites, ammunition load-outs, prelimi- 
nary liquid loads, and aviation items he desires to use. 

This list of items technically defines the military payload 
hardware. Additional men and materials are required to 
support- and operate the payload. A partial list of payload 
items selected for this design example are listed in Table 
I. 



TABLE I 

Military Payload List 

FF(ASW command and control) Radio communications 

SPS-49 Radar w/IFF 

SPS-55 Radar w/IFF 

SQS-56 Sonar 

FF/FFG Basic ECM suite 

.4SWC and C-FF-2C,7D Electronic Tactical Data Systems 

Vulcan /Phalanx on OlLv 

76mm Gun, OlLv 

Mk-92 CIWS/STIR 

800 3"/50 rounds 

10000 20mm rounds 

Mk-13 Tartar Missile Launcher w/40 Missiles 
Mk-32 Triple Torpedo Tubes P/S w/24 Torpedos 
Harpoon FCS 

1 Lamps MK III Helo with support 
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Having made these decisions, which incidentally may have 
taken many, many weeks, the designer then proceeds to select 
those parameters which define the ship form. Here the 
designer has slightly more freedom than with the payload 
entries. It is possible to run systems trade-off studies 
comparing different propulsion plants, hull materials, and 
design standards. Items in this category come from Table 12 
of Appendix A, Reference [3]. They are such things as type 
of propulsion plant desired, number of propellers, the 
endurance range and speed, geometric parameters such as 
length, L/B, B/H, coefficients of form, electric plant 
parameters, and crew accommodations. 

Up to this point in the process the synthesis model and 
the Reed /COPES /CONMIN system are essentially the same. To 
continue further with the synthesis model will require that 
relatively accurate values of the ship specifications be 
input. The Reed/COPES /CONMIN system on the other hand 
allows any starting value that is within the specified 
limits of the design variables. That is, it is possible to 
start with an entirely infeasible design and yet end up with 
a feasible design after optimization. This is one of the 
strengths of the synthesis system. 

From the specifications identified in this group of 
parameters, the designer selects the objective function(s). 
design variables, and constraints. He may also develop a 
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function he considers viable as an objective function and 
insert it into the synthesis model. Table II lists those 
variables which must be input in the problem specifications. 





TABLE II 


Ship 


Specifications List 


Sustained Speed 


Emergency Electrical Plant Type 


Endurance Speed 


Type of ship heating 


Endurance Range 


Fin Stabilizers (Y/N) 


LBP 


Officers' Accommodations 


L/B 


CPO Accommodations 


B/H 


Enlisted Accommodations 


Cp 


Flag Accommodations 


Cx 


Troop Accommodations 


Propulsion Pit Type 


Passenger Accommodations 


Sustained SHP 


Basic Hull Material 



Number of Main Engines Basic Superstructure Material 



Nxamber of Shafts 


GM/B Stability Value 


Propeller Type 


Design Margin 


Shaft Type 


Free Surface Correction 



Ship Service Elect Pit Type Passageway Type (P/S or CL) 
C. PARAMETER DESCRIPTIONS 

Selection of the objective function in this example is 

based on the comments of Manning in Reference [22] and 

Saunders in Reference [23] . From Manning: 

"There are two criteria which may be used to measure 
the excellence of a design. The one usually applied 
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to warships is that the best design is the one of 
least displacement. This design gives the highest 
value of the ratio of military load to displacement." 

Accordingly, it was decided to use displacement (DISPFL) as 

the objective function. The intent will be to minimize the 

displacement required to support the specified payload items 

and to use this as an indicator of relative size and cost 

when compared with other designs. DISPFL is listed in 

global location one in the GLOBCM statement and identified 

as the objective function to be minimized in data block E. 

Five parameters have been selected as independent design 

variables. The first is the length between perpendiculars. 

Justification for this selection is well stated by Saunders 

on page 343 of Reference [23] . 

"In the group of underwater form coefficients and 
parameters developed through the years, the ship 
length L logically appears as one of the principal 
dimensions. It is related directly and indirectly 
to the beam, the draft, the displacement weight, 
the displacement volume, and to many other factors." 

Length is designated by LBP and is in global location 5. 

The second design variable is the ratio of length to 
beam (L/B). Although the L/B ratio can be related to the 
prismatic coefficient, Cp , and the B/H ratio and is there- 
fore not strictly independent, it has still been selected as 
a design variable. Motivation for this selection comes from 
the methods used in the Reed synthesis model to determine the 
beam and initial powering estimates. It may also be used as 
a weak measure of turning characteristics [Ref. 23: p. 352] 
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and course tracking when comparing designs. The L/B ratio 
is in global location 6. 

The beam to draft ratio (B/H) is the third design vari- 
able. This ratio is used to determine the ship's draft and 
is used in estimating horsepower requirements. It is stored 
in global location 7. 

The fourth design variable is the prismatic coefficient, 
Cp . This coefficient indicates the fullness of the under- 
water hull and is therefore indirectly related to displace- 
ment. A small Cp means the ship has fine ends and a 
full midbody. A large Cp means full or blunt ends similar 
to a tanker or barge. Cp is in global location 8. 

The last design variable is the midship section coeffi- 
cient. This relates the area of the midship section to a 
rectangle whose sides are equal to the draft and the beam at 
that section. It is used in estimating the hull strength 
and initial power requirements. It is located in global 
location 9. 

With the design variables identified it is now necessary 
to specify their global location in the GLOBCM statement and 
to specify any side constraints that may be imposed on the 
design variables. COPES data block F is used to specify 
side constraints and data block G provides COPES with the 
design variable number and global location. Design vari- 
ables 1-5 are located in global locations 5-9. Table III 
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presents the side constraints that are imposed as a result 
of the restricted data base used in the synthesis system. 



TABLE III 

Side Constraints on Design Variables 



PARAMETER 


LOWER BOUND 


UPPER BOUND 


LBP 


300 ft. 


700 ft. 


L/B 


7.00 


12.0 


B/H 


2.00 


4.00 


Cp 


0.50 


0.90 


Cx 


0.75 


0.90 


D. CONSTRAINT 


PHILOSOPHY 





It is worthy to philosophize a bit at this point about 
side constraints and about constraints in general. The 
constraints imposed on the design variables in this example 
are used to maintain the design within the specifications of 
the synthesis model data base. Extrapolation of designs 
based on data and on empirical relationships derived for the 
model is considered risky at best and would probably be 
better accomplished with manual calculations. Further, the 
design is constrained by the limitations of the residual 
resistance coefficient values of the Taylor Standard Series 
used in the horsepower estimations. The obvious point to be 
made is that as the synthesis system is constrained, so the 
designer is constrained. He cannot develop feasibility 
studies for aircraft carriers or air cushion vehicles with a 
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destroyer synthesis model. Also, he cannot justifiably try 
radically different design concepts for a destroyer if the 
concepts render the data base invalid. The manner in which 
the designer attacks this problem is an indication of his 
creativity and foresight. Improvement in the synthesis 
system is certainly an option to help eliminate some of the 
constraints required. For this synthesis model, the resis- 
tance coefficients could be expanded through the testing of 
ship models whose size is larger than those used to obtain 
the Taylor Standard Series data. This is an expensive and 
time consiaming process and must be considered carefully in 
light of what is desired from the synthesis system. Again, 
the designer's ability to use the synthesis system as a tool 
is the key to his success. 

Hypothetically, a synthesis system should be designed to 
model real world conditions and require only those constraints 
imposed by the real world, i.e. no negative areas or plate 
thicknesses. The Reed model is considered an excellent 
synthesis model and requires relatively few constraints to 
maintain real world conditions. In some problems, it is 
necessary to use constraints to prevent the optimizer from 
exploiting a weakness or undesirable trend in the analysis 
portion of the code. This is not the case with this system 
and this point is mentioned only in passing should the designer 
desire to make significant alterations to the synthesis model. 
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Having briefly discussed constraints, it is now appro- 
priate to identify them specifically and illustrate how they 
are delineated in the COPES data cards. In Chapter IV 
thirteen constraints (G1-G13) were proposed to replace 
several iterative loops and termination criteria built into 
the original Reed model. All of these constraints are 
satisfied when they have a value less than or equal to zero. 
These constraints were assigned unused numbers in the S 
vector and occupy global locations 77 through 89. All of 
the constraints together form a constraint set as they are 
all of the same magnitude and are satisfied by meeting the 
same criteria. Data block H is used to specify the number 
of constraint sets, in this case one. Data block I identi- 
fies the first and last global locations of the constraint 
set, 77 and 89, and specifies the upper and lower bounds and 
any scaling desired for the constraints. For this example, 
the upper bound is zero, the lower bound is numerically 
minus infinity and the scaling value is defaulted to 0.1. 

Should any further constraints be desired the designer 
need only identify them in the ^ vector, specify their 
global locations, their upper and lower limits and any 
scaling necessary via the appropriate data blocks. Table 
IV is a listing of the COPES/CONMIN data blocks illustrating 
the entries described above. 



53 



TABLE IV 



COPES /CONMIN Data Blocks 
$ BLOCK A 

OPTIMIZED VERSION OF THE FFG-7 
$ BLOCK B 

2.5 

$ BLOCK C 
3 , » , 10 , , , 50 
S BLOCK D 
0 . , ,- 0.02 
0 . , 

$ BLOCK E 
0 , 1 , - 1,0 
$ BLOCK F 
$ LBP 

300.0. 700.0 

$ L/B 

7.0. 12.0 

$ B/H 

2. 0. 4.0 

$ Cp 

0.50,0.90 
$ Cx 

0. 75.0.90 
$ BLOCK G 

1.5 

2.6 

3.7 

4.8 

5.9 

$ BLOCK H 

1 , 

$ BLOCK I 
77,89 

-l.OE+15,0.0,0.0,0.0 

$ BLOCK V 

END 



E. EXAMPLE RESULTS 

The results of this example are best presented in 
tabular form. Table V illustrates the initial and the 
optimum values for the objective function, design variables, 
and constraints. Note that the initial design was infeasible 
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with constraints Gl, G2 , and G13 violated. Physically, this 
meant that the initial design was unstable (G2) as a result 
of insufficient volume (G13) and displacement (Gl) to support 
the required payload. The optimizer increased the displace- 
ment by manipulating the design variables until all the 
constraints were satisfied. Constraint G13 is indicated as 
active, which means that it lies within a specified tolerance 
value of the constraint zero value boundary. 

TABLE V 



Initial and Optimum Parameter Values 



PARAMETER 


INITIAL VALUE 


OPTIMUM VALUE 


Objective Function 


DISPFL 


2865.05 


3511.68 


Design Variables 


LBP 


300.0 


394.38 


L/B 


9.07 


8.76 


B/H 


3.14 


3.32 


Cp 


0.59 


0.50^ 


Cx 


0.75 


0.77 


Constraints 


Gl 


6.22^ 


-0.015 


G2 


1.85^ 


-0.068 


G3 


-3.63 


-0.398 


G4 


-2.15 


-0.168 


G5 


-7.85 


-2.062 


G6 


-1.90 


-0.040 


G7 


-1.52 


-0.285 


G8 


-5 . 66 


-0.503 


G9 


-5.57 


-0.501 


GIO 


-6.23 


-0 . 665 


Gll 


-4.22 


-0.496 


G12 


-10.0 


-1.000 


G13 


11.86^ 


-0.0006^ 


^ lower bound of design 


variable 




violated constraint 



^active constraint 



55 



Figure 5.1 is a graph of the objective function versus the 
number of iterations required to reach the optimum. It 
can be seen that the optimizer is indeed efficient and in 
this example arrived at a value very near the optimum in 
five iterations. The remaining four iterations were done 
simply to "fine tune" the value of the objective function. 

The average run time for this example was approximately two 
and one half CPU second on an IBM 3033 system. The entire 
example with values for all the parameters at each iteration 
is provided in Appendix A. 

Comparison of the data arrived at in this example using 
the general specifications of the FFG-7 were very good. 
Displacement was within five percent of the actual ship dis- 
placement. Most of the other parameters were within at least 
ten percent of the actual and could have been made more 
accurate by greater detail in the problem specifications. 
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DISPLACEMENT (LONG TONS) 

2800.0 2900.0 3000.0 3100.0 3200.0 3300.0 3H00.0 3500.0 3600.0 3700.0 3600.0 



OPTIMIZATION HISTORY 

DISPLACEMENT VS ITERATIONS 




Figure 5.1 



Objective Function vs Iterations. 



VI. SYNTHESIS SYSTEM APPLICATION 



A. DESIGN EXAMPLES USING DIFFERENT OBJECTIVE FUNCTIONS 

The Reed/COPES/CONMIN system is extremely versatile in 
application. The designer is able to optimize a design for 
a specific payload with respect to a larger niunber of impor- 
tant and different parameters. One example has been shown 
using DISPFL as the objective. LBP could be used as an 
objective function. Based on the relationship between 
length and displacement, the designer would minimize length. 
Another parameter that could be used is SHP/TON. The 
designer would maximize this function in an effort to get 
the most horsepower in the smallest ship. Table VI presents 
several examples which were optimized with respect to 
different objective functions. The baseline ship is a close 
approximation to the FFG-7 ocean escort. The same design 
variables were used in all cases. The constraints were not 
altered and the payload was also maintained constant. Data 
produced by the original Reed synthesis model is included 
for comparison. 

Several general comments can be made from an overall 
view of the data. First, is that there appears to be a 
rather well defined optimum ship regardless of the objective 
function. This supports the so called "flat laxity" of ship 
designs [Ref. 16: p. 105] which allows the optimum ship to 
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have slightly different principal dimensions yet remain 
optimvim or very nearly so. The second comment is on the 
consistency of the synthesis system. When compared with the 
original synthesis model results, the optimized results 
accurately reflect the effect of changing the design vari- 
ables to satisfy the design requirements. Additionally, 
specific parameters demonstrate excellent repeatability from 
design to design. This indicates that the final design is 
the optimum and not a relative maximum or minimum point in 
the design hyperspace. 

The above comments are well supported by the data in 
Table VII. This data represents four designs: one starting 

with LBP equal to 300 feet , one with LBP equal to 500 feet , 
one with LBP equal to 700 feet , and a fourth design using 
parameters from the optimum design achieved with LBP equal 
to 300 feet. All cases were run with DISPFL as the objec- 
tive function and all other parameters held constant run to 
run. Excellent repeatability and a well defined optimum hre 
demonstrated . 

A third and interesting point to note is that not all 
selected objective functions or variables are affected by 
the optimization process. Note the value of VPAY/VOL 
(Volume Payload/Total Volume). To bring about a change in 
this variable, the synthesis model msut be changed. This 
represents a change in the design standards or the designer's 
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philosophy. The ability to be able to make such alterations 
is an indication of the strength and flexibility of the 
synthesis model. A particularly good example of another 
such change is with regard to habitability requirements, 
i.e. ft ^ /man. Current designs have shown an increasingly 
large portion of internal volume devoted to habitability. 

It is possible through the use of scale factors to modify 
current design standards established for habitability 
and to determine the effect on the overall ship design of 
changes in these standards. An excellent e.xample of this 
feature is presented in Reference [3] where an FF 1052 
class frigate is redesigned using Soviet habitability 
standards and then compared to the actual frigate design. 

From Table VI, the design which deviates most from 
the optimum is the one in which the objective function was 
full load density (FLD DENS). Here the objective function 
was to be maximized. The units of full load density are 
Ibs/ft^ and are therefore a measure of how dense the ship 
is. The difference between this design and the others is 
significant and leads to a consideration of which is more 
efficient from a space utilization standpoint. It would be 
a logical assumption that the larger ship could support a 
bigger payload more efficiently. Yet, is this the better 
design? The designer must remember that the synthesis system 
is a design tool and he must be judicious in the application 
of engineering judgement and common sense. Optimization 
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cannot be blindly applied to a problem and the results 
accepted at face value. Clearly, other considerations would 
be necessary to choose between this and one or more of the 
other designs. 

As with the example in Chapter V, all the designs began 
in the infeasible region and proceeded to a feasible design. 
This feature is of great benefit to the designer as numerous 
designs that the synthesis model would have rejected and 
required new information for are simply tried and identified 
as infeasible on the path to a feasible design. The syn- 
thesis system maintains a record of all the designs tried 
which the designer may scrutinize and use for future design 
decisions or historical data. The system also identifies 
those constraints and design variables that are active or 
violated, thus providing the designer information on what is 
most critical in the design. 

B. SENSITIVITY STUDIES 

It is possible to generate sensitivity studies with the 
Reed /COPES /CONMIN system. Once the designer has identified 
a design he wants to work with, he is capable of determining 
the effect of varying a single parameter at a time while 
maintaining all other parameters constant . This was one of 
the first forms of preliminary design optimization used and 
is described in the landmark paper by Murphy, Sabat , and 
Taylor in 1965 [Ref. 15]. This feature was especially 
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helpful in determining the design variables and objective 
functions to be used in this thesis. Figure 6.1 illustrates 
a simple example where the optimum design minimized with 
respect to displacement is checked for sensitivity to 
variation in length. Note that while displacement can be 
reduced further by making the LBP less than 394 feet , this 
violates one or more constraints. 

C. SYSTExM TRADE-OFF STUDY 

An important and useful application of the synthesis 
system is systems level trade-off studies. The Reed/COPES/ 
CONMIN system allows these studies to be conducted with 
consistency and confidence as the computer makes routine 
decisions and calculations the same in all cases. Table 
VIII presents data from a systems level trade-off study 
done on different types of propulsion plants. The second 
generation gas turbine (2 LM2500's) appears to be the best 
design while the steam and diesel plants are all comparable. 
Surprisingly, the COGAS plant appears to be the worst of 
the designs studied. This may be because the data used 
to synthesize the COGAS design may be dated and needs to 
be revised. As in the other examples presented in the 
thesis, the payload requirements for these ships are similar 
to an FFG-7 class frigate. 

There are considerably more applications available with 
the Reed/COPES/COMIN system which have not been explored. 
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DISPLACEMENT (LONG TONS) xlO' 



SENSITIVITY RNRLYSIS 



DISPLACEMENT VS L8P 




Figure 6.1 Sensitivity Displacement to Length. 
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TABLE VIII 



Systems 


Trade-off 


Study on 


Propulsion 


Plants 




PARAMETER 


STEAM 
600 lb 


STEAM 
1200 lb 


GAS 

TURBINE 


DIESEL 

PLANT 


COGAS 

PLANT 


LBP 


417.49 


418.86 


394.33 


416.84 


468.74 


BEAM 


53.81 


53 . 96 


46.85 


47.70 


59.64 


DRAFT 


14.51 


14.56 


13.52 


13.47 


18.18 


Cp 


0 . 52 


0.52 


0.50 


0.50 


0.51 


Cx 


0.80 


0.80 


0.79 


0.90 


0.76 


VCG FLD 


16.58 


16.68 


15.40 


16.13 


15.20 


L/B 


7.76 


7.76 


8.42 


8.74 


7.86 


B/H 


3.71 


3.71 


3.46 


3.54 


3.28 


Vsus 


28.46 


28.52 


28.52 


28.29 


28.23 


DISPFL 


4129 


4164 


3511 


4110 


5558 


DISPLS 


2991 


3029 


2471 


3091 


3294 


FLD DENS 


16.85 


16.99 


15.61 


15.93 


21.97 


WPAY/FLD 


0.09 


0.09 


0.11 


0.09 


0.07 


WPER/FLD 


0.03 


0.03 


0.04 


0.03 


0.03 


VOLPAY/VOL 


0.19 


0.19 


0.20 


0.18 


0.18 


VOLPERS /VOL 


0.20 


0.20 


0.22 


0.19 


0.20 


VMB/SHP 


3.52 


3.52 


2.40 


4.26 


2.40 


SHP/DISPFL 


9.69 


9.61 


11.39 


9.73 


7.20 
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COPES/CONMIN is capable of performing optimum sensitivity 
studies, two variable function space studies, and approxi- 
mate optimization techniques. Additionally, numerous 
combinations of variables and design standards are available 
in the Reed model. The examples presented here and in the 
previous chapters just begin to illustrate the utility of 
such a design tool. 
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VII. CONCLUSIONS AND RECOMMENDATIONS 



The Reed/COPES/CONMIN system provides the naval archi- 
tect with an efficient design tool, with which he is capable 
of reducing the time required to perform feasibility and 
concept design studies. The designer has at his fingertips 
all the benefits of a sophisticated synthesis model which 
has been proven to produce reliable designs, as well as the 
power of a nonlinear numerical optimizer. Combined together, 
the synthesis/optimizer system enables the designer to be 
more exhaustive in his search for a design solution at no 
greater cost in time. A greater number of design alterna- 
tives can be processed and compared as a result of the 
synthesis system's ability to start with an infeasible 
design and develop it into a feasible design. The designer 
is made aware of the design variables and constraints which 
are critical in each case and has the ability to alter those 
and other variables to achieve his goals. 

In addition to being computationally fast, the synthesis 
system is very versatile. The COPES/CONMIN optimizer is 
capable of doing optimization analysis, sensitivity studies, 
optimum sensitivity studies, and optimization using approxi- 
mation techniques. The Reed synthesis model is capable of 
accurate conceptual design calculations of greater detail 
than previously attempted in synthesis models. It allows 
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for changes in design standards and philosophies as well as 
equipments and characteristics. Studies conducted using 
various combinations of features available from both 
programs greatly enhance the information available to the 
designer at any time. 

There are several areas where further development would 
be desirable. The first is the addition of a cost estimating 
routine. This module could include lead ship and follow 
on ship acquisition costs as well as life cycle cost 
analysis. This would provide a second very significant 
variable to use as the objective function and would 
certainly be in line with the current philosophy of "design 
to cost." 

The second feature would be a topsides arrangement 
routine. Naval surface combatant design has become sensi- 
tive to this area and in some cases the designs are driven 
by the requirements for deck area necessary to operate 
electronics and weapons systems. A feature that could be 
coupled with the above routine and used during the 
concept design phase would be a graphics module. There 
currently exist programs capable of generating rough hull 
forms with less information than the synthesis model is 
capable of providing. The British have developed software 
which will interactively, with the designer, develop the 
ship's arrangements and deckplans [Ref. 24]. 
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A final possibility in the graphics area would be to 
develop a data base of three to five surface combatant hull 
forms which may be expanded, contracted, or mixed to achieve 
a desired hull form. This is similar to the approach taken 
with hydrofoil design synthesis and would provide the 
designer with additional design flexibility [Ref. 25]. 

Minor changes to the synthesis program could be made. 
Payload items used on naval combatants are continually 
changing, the items in the payload shopping list [Ref. 3], 
should be reviewed and updated as part of a periodic program 
maintenance action. 

In conclusion, it is felt that the opt imizer /synthesis 
system is a design tool which can, when properly used, 
significantly improve the quality of feasibility studies 
without increasing the time required to accomplish the 
studies. As computer hardware and software improve, the 
design procedure outlined in this thesis will become more 
commonplace and as a result the designers will further 
benefit by designs which are developed computationally to a 
much greater degree of detail than is currently observed at 
any given phase of design. 



70 



LIST OF REFERENCES 



1. Navsea T0800-AA-RPT-010 /CASDAC , "CASDAC, Abstracts of 
Computer Programs," Commander, Naval Sea Systems 
Command, 1981. 

2. Mills, J., Feasibility Studies and Ship Synthesis 
Models , Lectures 7,8, 9. Unpublished lecture notes 
for professional summer at Massachusetts Institute 
of Technology. 

3. Reed, Michael Robert, Ship Synthesis Model for Naval 
Surface Ships , Master's Thesis, Massachusetts Institute 
of Technology, May 1976. 

4. Madsen, Leroy E. , and Vanderplaats , Garret N., COPES-A 
Fortran Control Program for Engineering Synthesis , 
NPS69-81-003 , Naval Postgraduate School, March 

1982. 

5. Fox, Richard L., Optimization Methods for Engineering 
Design , Addison-Wesley Publishing Company, Reading, 
Massachusetts, 1971. 

6. Himmelblau, D. M., Applied Nonlinear Programming , 
McGraw-Hill Book Company, New York, 1972. 

7. Leopold, R. , and Reuter, W., "Three Award Winning 

Designs — FDL, LHA, DD-963: Method and Selected 

Features," Transactions, SNAME Vol. 79, 1971, pp . 297- 
365. 

8. Vanderplaats, Garret N. , Automated Optimization 
Techniques for Aircraft Synthesis , AIAA Paper No. 
76-909, AIAA Aircraft Systems and Technology Meeting, 
Dallas, Texas, September 27-29, 1976. 

9. Vanderplaats, Garret N. , and Moses, F. , "Structural 
Optimization By Methods of Feasible Directions," 
Computers and Structures , Vol. 3, July 1973, pp . 739- 
755. 

10. Vanderplaats, Garret N. , Hicks, Raymond N. , and 

Murman, Earl M. , "Application of Numerical Optimization 
Techniques to Airfoil Design," Aerodynamic Analysis 
Requiring Advanced Computers , NASA SP-347, Part II, 
March 1975, pp . 749-768. 



71 



11. 



Zoutendijik, G. , Methods of Feasible Directions . 

Elsevier Publishing Co., Amsterdam, 1960. 

12. Goodwin, Michael J., Ship Synthesis Model for Coast 
Guard Cutters , Massachusetts Institute of Technology, 
Department of Ocean Engineering, Master's Thesis, 

June 1975. 

13. Gertler, Morton, A Reanalysis of the Original Test 
Data for the Taylor Standard Series , David W. Taylor 
Model Basin Report 806, Washington, D.C., Government 
Printing Office, 1954. 

14. "Ship Work Breakdown Structure," NAVSHIPS 0900-039-9010, 
Naval Ship Systems Command, Department of the Navy, 
Washington, D.C. 20360, 01 March 1973. 

15. Murphy, R.D., Sabat , D. J., and Taylor, R.S., "Least 
Cost Ship Characteristics by Computer Techniques," 

Marine Technology , Vol. 2, No. 2, April 1965, pp . 
174-202. 

16. Nowacki, Horst, Computer-Aided Ship Design Lecture 
Notes , The University of Michigan, Department of Naval 
Architecture and Marine Engineering, Report No. 018, 
January-April 1969. 

17. Mandel, P. , and Leopold, R. , Optimization Methods 
Applied to Ship Design, Transactions , SNAME, Vol. 74, 
1966, pp. 477-521. 

18. Leopold, R., Mathematical Methods of Optimization 
Applied to Ship Design , Massachusetts Institute of 
Technology Report No. 65-15, 1965. 

19. Nowacki, H. , Brusis, F., and Swift, P. M. , Tanker 
Preliminary Design — An Optimization Problem With 
Constraints, Transactions , SNAME Vol. 78, 1970, pp . 
357-380. 

20. Chyssostomidis , C., Optimization Techniques Applied to 
Containership Design , Massachusetts Institute of 
Technology Thesis, January 1968. 

21. Parsons, Michael G. , Optimization Methods for Use in 
Computer-Aided Ship Design , STAR Symposium, Washington, 
D.C., August 26-29, 1975. 

22. Manning, George C., The Theory and Technique of Ship 
Design , Technology Press of Massachusetts Institute of 
Technology and John Wiley and Sons, Inc., New York, 

1956. 



72 



23. Saunders, Harold E. , Hydrodynamics in Ship Design , Vol. 
I, The Society of Naval Architects and Marine Engineers, 
74 Trinity Place, New York, New York, 1957. 

24. "Ship Design and Construction by CAD /CAM," Naval 
Architect , Vol. 33, pp. E147-E149, July 1982. 

25. King, James H., and Devine, Matthew D., "HANDE-A 
Computer-Aided Design Approach for Hydrofoil Ships," 
Naval Engineers Journal, April, 1981, pp. 120-130. 



73 



FILE* OFTFFG OUTPUT A NAVAL POSTGRADUATE SCHOOL PAGE 001 



APPENDIX A 



DESIGN EXAMPLE 



I 

O 



«/> (/) 

t/> t/; 



I 

O 



z 

o 













u. 




o 














X 




Ul 




















Ul Ul 










z 




(/) 












LU Ul 


< 




X 




o 




UJ 




CM 


o 






UJ Ui 














o 




O 


• 






UJ Ul Ul 


ac 




H- 




z 








• 








UJ Ul Ul 










o 




>> 




1 


1 






Ul UJ UJ 


o 




z 








X 












UJUJ UJUJ ui^JJuj 














< 














a 




> 




UJ 




z 






















o 


Ul 
















oc 






Ul 




o 


r 












o.a.aa. 










><c 


< 














a. a 


a. 


X 




-1 


ac.h~ 


X 




in 






o o o o 


O mo 


a a 










<< 




UJ 








• • • 


<7' 


CL 0. 




o 


o 


►- 


ZQ 




X 








o CM >r « 


• 


a. a. 














X 








o — o 


O 


OL O. 




u. 


z 




X-l 
















C^(XCLa.a.OLCL 










— O 




U. 














o 






►- 


^ac 

UJ»- 




o 














X 




X 




xZ 




z 


• 










COOOCUO 










CLUI 




o 


O 






o 




u u> 


1— 




Ul 




O 






CM • 


• o 


•Ul Ul U Ul 


Ul CM 


a o 










U. 




<1-0 


• 


0 

0 


OUl U.X 


o *® *x • om or^o 


O Q 


z 




Ul 




Ulu. 




< 


Ul • 


CM 


o ojoa^Of^>s rvixCT' •xo' 


• 


o o 










c 




SSS 


m 


3°. 


• (OQ Uf *00 • 


OX 


U Ul 


a 




z 




z 




xci 


U)^ u» 


•m CM • u? C3 


Ul 


ooauouio 










Uto 




uxu 


UIlM 


U 1 


a t u 


UJ >r • ► 


U 




w 














U> • 




^ * md 


• • » W Ul 


•u 












1-0 




CDHCDin 


-1 • 


OJ • » 


X—* (O 


U)OUIU>f«- 


ojtn o 








o 




<< 




a 


a) • 


• • 


m 


o • * • • 


• • 


o o 










INIZ 








-^O o 


il*fM U»0 *AQ 


rsi 


u o 






z 




















u u 










X 
















U U) 






Ul 




MU) 


u 














Cl Ul 










r-x 


X 


•ufM m »r -q* u ^ Hj r- Ul CD O' w ' o ^ «>j n 1 'X tn UJ UJ f«- oj cu tr» «-» o «■< «M <M m >»“ <*r in u ^ 


Ul Ul 










0L< 


< 








^0 40m4^0m^ 


^rsifVlCM CMCMCMCMCMCMIM 


OUlOulOOU 










OO 


o 















74 



FItE; OPTFFG OUTPUT A NAVAL POSTGRADUATE SCHOOL PAGE 002 

















o 

o 








UJ 
















U.O 








mi 














-• 


z 








< 












o 


UJ 










o 














a 










(.OOOOoO 












OJ 










— 


• 4 • • • 












o 


ac 


•-« 


Z 




-1 


OOOOO 












o 




x 






CQ 














O 


asL 


X 


xo 


— O 


oo 
















Ui 


oo 


h— 4 


4 


<s • 














• 


> 


<m 


uo 


ao 


<o 


h- 












0 

1 


O 


z 








X 

a 






CMIA0C3000 








•i 










3 


o 










» M 




“> 








►-•o 


• 












•M 


ea 








<UJ 


o 














O 


imU 






UJ— X 




r» 








Z 




zo 


o 






o»-o 




1 


i R N n N n M 






o 


h- 


mm 


1 






X— < 




o 








■>4 


..f 


mi 


UJ 






oz>ooooo 




a. 


u>>QCxr-o 






>- 






o 






Q— 4 • 4 • 4 




u. 


.^0<a<<C3.3c 






< 


< 




o 




X 


X ooooo 






«<1ZS£.X^QpC 






is» 


\JL 




o 


< 


< 






z 


O <N>rfZQ. 






MM 


UJ 


X 


o 


►- 


X 


UJ 


o 


o 


•Z. 3X0.^ 






X 


o 


X 


CM 


UJO 


ao 


o 


« 




Zl-4 


UJ 




UJ«-4 




►-0 


►- • 


X • 


mi • 


— 


o 


z 


w 


u 




>3 


z 


•-4 


OO 


t-o 


<o 


a rocM— oo 




o 


</> • 


< 




^■■4 


— 




1 






1 ooooo 






Ol »UJ 


0. z 




►-X 


X 










CL pf ♦ 




«✓) 




v> O 




o 


3 










lu 




ui 


CQUJ < 


■>« 




UJ</> 


U 


mi 








>aoooooo 




o 


<-JO. 


z ►- 




*-»UJ 


o 


< 








OuiZ ooooo 






*UJ 


o < 


z 


(C>- 




o 








axoooco 




> 


a < 1 a£0 


^><SJ 


o 


c< 


• 


!-0O 








ZuaoocMOoo 


o o* o»oo 






o 




u 


o 


z-« 








o — . X ODf^ — O’ (J' 


CD • • 


<l 


>q:;3>o 


-j o-^X 




U.N* 


(X 










— 4 4 4 • « 


oo 


Z 


<»- 


< z>-* 


< 


OQ 


UJ 










►mX ooooo 


• 


mp4 


z> o>- 


u D— 


X 


Z 


»NI 






z 


z 


< 


o 


X 


O 2ZZ 


Z ►- U.H-Q. 


a: 


CL — 




CL 






X 


xa» 


• 






«o 


o 


Ui 


Lk 


— 


X 


X 


u. 


CLX 


o 


U 


•<AH- ►—a; 


• >z UJCA 


'-L 


COuJ 


mm 


O 


oo 


OO 


aso 


O-J 


• 


LU 




^ -JU>*-iZUJ 




xo» 


— 


20 


O 4 


• 


4. 4 


u.< CM— oo 




oc. 








J — 




o 


U.O 


oo 


uo 


OWOOO 


• 


Q. 


qcqc — C?^Z • 


cn Z»— •*iO<t 




Zl- 


1/1 


— 








— 


m 'C tfv ^ p-cjm 




UJ h* w ^ I.J ku 


»— 2. 


Z 




I.U 










mJ UJUiUiUJUJ 


H 

I 

7 

i 

V 


u. 


>-Z< — e-U— Q 


20 '^—OCX*-* 


a 


UJO 


UJ 










uj^auooooo 


irv4* 


O 


LU Cj CO CJOt ►— O 


0-iU.i^*“<tr3X 




^UJ 


*- 










_i— UJZOOOOO 






?-UOZZQ.<0 


o— -*x»->?rO 


»— 


233 


UJ 


•X 








iOe- jCXOOOOO 


O O <+-00 


z 


<t -^UJ3<pipX 


zc— ♦ — *ot 


< 




X 


4 








«l— uCoOOOUl 


o Ljcr uj «o 


vJ 


ct z CO V Mi. <t cr ►- 


Z<lZH«ZO^-Q- 


rs4 


— 


< 


xo 








— 2 j OJ f»i r- f\nn r- 




•• 


WZ 


W UJ M U» Oi .* u» 
















Ct— 4 • • 4 • 


r- « D* aj (O • • 1 coQ 




&*-*U.U.U.U-U.M 


^ A.C/) c O •< 


X 


■4. LU 


< 










■H OOOOO 


• • • • fN. ^ ^ 


<I 


►-COOCZq: 


H- 




> — 


a 










>o 


^ 1 ^UJ 




.pj< ^Q. 


< 


►- 












z 


a 






C-iQCtxoca: 




a. 


Mia 


3 


»— 






X 


3UJ 




U.X 


oc ^U'UJUJUJ^-O 


3UJ 


o 


< — 


— 


z 


Jm 




u. 


0»NI • 






^ QJ (i; UJGJ J 13 


W-J 




ajh- 


X 


— 


oo 


_iO 


oo 


— 1 -> 


<1 ^ r* r* CD o» O' o o ^ «M CM m f» \ ^ M » 


Z-J2.ZXs:Q.ai 


-i — j «-t <M r 1 -*r in Hi 


♦ 


u«-u 


z 


xm 


O 4 


r- • 


Ui 4 


</)jS 4 — ojfn^rui 


04f>i CM cNi c\i <M CM n ^ ro n > n ^ n') n 1 n > o < 


1-4 0. 


0<13 JZ3ZUJ 


<< 




-iO 


u 


u. 


U.O 


uo 


OO 


UJO *o 




t-O 




o> 


♦ 


ox 


u 










ozoz 



75 



F1L£« CPTFFG OUTPUT A NAVAL POSTGRADUATE SCHOOL PAGE 0C3 










o;o 




















EA HULL 










luz 




















<x 




X 






Q.O 




















< 




Ui 






0.0 
















xo 








p— 






OffiO 








00 0 


oo 0 


0000m 0 


0 


X 03 








— 






• 








00000000000000000— ooooo 00 


Zl— 














0 
















0— (✓> 








> 














irt 0 0 0 OU> 0 0 0 0— ru 00 0 0 0 0 0 00 rvj 0 0 <^J 


OiXp- 




Q. 




— 














—VO >r 




— <M (M 




LUZlX 




X 




Z 














— 








P--IO 




t /1 




0 












Ui 










V)< 0 . 














^ '0 






0 














< 










0 






0 














Ui 










•- ♦ 






<0 














X 










>- lU 






-lO 


UO OiX 


i-l- Z 


«jp- p-o ap- 




►-I— 




< 




X 






<oio 






•-0 


OOOUOX 


<< — 


C — i *-* tx (X > t/> 


LU 


<LU 








Ui 






#s <00 






<*-4 


u<<o<o 


XX X 


p- 0 <cxi-z 


0 


xzc? 








p- 






-*>-o 






> 


< < 


p— 


mp-oXU 0 


< 


p-< 








— 












< 


20 


«ivn 0 


O.— UH- OP-P- 


t /1 


omt/> 














<<•>4 








OUi< 0 utO> 


-jO. M. 


moo >2 ZZ 


un 


-i 0 .m 




0 . 




> 






XU. • 








Q.<x«io:<< 


XX X 


— xoxot/Pcta. 


< 


XX< 




Ui 




p- 






flC 0 






z 


OOUH'O.O 


x«n 0 


aX>XOLLQ.O. 


o. 


xma 


p- 


tx 




2 






0 






CXO 












X 




t/> 


0 






z 






Ui*^fO to 












a 


0 


Z 










PO 




OP-m z 










— H 


2 


0 


0 










•>4 




UiOfM 0 


0 00 0 


0 


0 00 


0 




— 


> 


— 








>0 






P-O *.• 


ooooooooooooooomooooooooo 


ZQ. 






I— 














ZUi H- 










0 — 


O 




< 








t 






*-x < 


in 0 0 0 0 cn >1- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 


JP- 0 


< 




0 


Ui 






dJ 


■ 




Ui 0 




0 






02 *^ Ui 


0 






p— 






o^OO 




to 


M 




0 






OOLU-J 


0 


X 


wu 


— 






UiZO 


00 


p- 


u. 




— 






XO>-U 4 


> 


2 


— 




o 




200 


Ct 


z 


p- — • 












< 




0 


> 


z ooooo 




00^ 


Ui 


Ui 


00 0 












o. 


0 


Ui 


►- 


^ ♦ 4 - 






»~ 


X 


UI 














0 


a. 


Z 


>• (Z LUUiUitUUJ 




• 


lU 


Ui 


2 Q. 


u. ao-oaozzop-oo 0.0 




(xoctoa 


0 


> 


t/i 


0 


-iOOOOOO 




0 


X 


<x 


*~i to 


0 >>cotOtOOO*^ 


iX X 


0 


>-!<> 


< 












1 


4 A 






p-^-iO 


Uit/JX< 1 — ►- 


0 


P-— ip-t— 


— 




0 




«oooooo 






C£. 


0 


a. 


< Oui*“ 


• P-l— <•— X 


< 


UJt/l 


0 




< 




►*<00000 






< 


0 




p- -i-J.jXXOvnoo*n 1— 




p-a. p- 


Ui 




0 










O. 


UI 


X 


_J UiUi 




>^0 <z 


u. 


u.az< 


a. 


P- 


p— 0 


X 


3 • • • • • 




onoc 




<x 


to 


Ui toXOOX 




2 _j OJ — 


u. 


XOf— UJ 


vO 


2 


X > 


Ui 


X ooooo 






0 




UI 


0 touiZZZZZXx:zui XU. 


0 


mau.x 






Ol < 


— 






UiOlOO 


Ui 


Ui 


















2 Q. 








o^Z*- 


Z 


0 


















— 








M 


M 


< 


<0 










rvjuiUJ 








> 


• 




•--J 


< 


CC 


-iO 


000 p*-- 4 ’ 0 'cn 00 o 0 


0000 




X— — 




a. 


0 


P— 


-(O 


z 


z 


(X 


a 


•mO 


ooooo— u>P^O ooooo 000 00 0000 00 


XOO 




<x 


<I 


z 


<z 


0 




►- 


►- 


<0 










za-o. 




0 


0 


0 


0 


w 


<^C 4 


to 


CO 


>* 4 ^ 


000 0 O' mooo'o 00 oo<^ ^<> 4—0000000 


p-mm 






0— 




a •tn«r>»cou' 


f— 


(X^ 






< 


(MOO ftPCM 0 






moo 




0 


>- 




-Jtx. 


< 


r— U 4 •O' 


w 


< 




tnm 


0 






^bULLi 




u 


< 




o< 


X 


oioaoj 


0 


f— 






a 






OXX 




> 


a. 






OL 






< 


Z 3 . 




>r 












LL 


2 . 


uu 


0 


oo> 


u. 


U 2 


0 UI 
















OUi 


Ui 


— i 




0 


0 




















<Lai 


p— 


0 


z 






0 


<l-OX 




^ onP- p-cCQ.x<oo 


a. 


p-ao. 






— X 


M 


< 






(X 


Ui 


Ui.J<MO 




_ia.oo«nu__^>-u.— 2.2. CO 


t/p 


o>-»- 




a. 


OX 




•M • 




< 


Ui 


►- 


(XOPH^ 




CLi— ^ 04 »-i|— tiO XOX 


Q.P-P- 




a. 


uiu:. 


> 


oc.^ • 




VU »P* 


Ui 




Ui 


Ui 


V(OUiZ 4 .Ui JUU 


<L-'< 






0 


Vi. 


r— 


^ U<*^<Nro>f ur» 




uioocn- 


2 . 


I 


X O. 


i/)QO 


a. xi(xuiupa.p— <.o.p*^*xuii 


O.O.J 






l/PU. 


2 


> *z 




QC-i< 


0 


M 


Ui •"« 


0 X 20.01 




ou.occlz< 




QLUUJ 




1 — 


*-• 


0 


0 


< 


<o> 


z 


P- 


X 


t/) Ui < to 'V's. Q. X 


(XXOXZXtXXiXcXUiUiUiOO 


Gcmx 




2 


ox 




2 








to 


to 


>>CL«,i.JCOoO 


u.t/)ZZ< 


ZZ CL c/> <x a. 0 0 oi a, a. 


Q.t/Jui 






Zm 




0 


►- 


Ui 


— i 


UI 


p- 






















VO 


(X. 


< 
























on 




OJ Q -4 


p- 


ir 


Q.<r 




















uLi c 3 *^<Mm*rv» 


u> 


X « 


u 




z 




















0 M 


u 


H* 


►- 

























76 



FILES OPTFFG CUT PUT A NAVAL POSTGRADUATE SCHOOL PAGE 004 



OOmtr>m^rn>o 

<M<-« O 'T csicsi u>m >r CT r"* nT rj o t/' ^ 



{Ti O' O O O O O O eg fsj m «-i r- eg O 'O «r 

^ ^ O' »-«0 

ir\cD 



♦ ♦ 



»*OoegOegr«-<7'cO 

O O o^^^egeg romo' 

ca egfsi tvegfsjfg egrg^rgeg eg 

oooooooooooooo 

OWOOOOOOUOOOOO 

»H<F^«-*eg%r^eg«-<.-i<-^^mo^ 



rg«9T~<^^ >r« »inwrg»ow'>r •“•OJCj^^xeicj 
<N4 <\J »0 O tM n > »0 00 sO O 

00000000«J00000a00CJ00 

VJOOOOOWOOOOOWOV^OOUJOU 



<JO 

300 

o 



(/>voOQO-^^.^o- z-J-j^za.co.a.0. 
^ 2 -j ^ a c a X a. ►- o c; < < a 

UJ UJ U. LL u- > > > 1/7 X 3 ^ X u. •— to 

OO 'V'vx, X. >S >v</> 'v 'Nw'Nv G v. c >«. > 
>QCoo>GCi/»egv. v.«-"i>aJ32'x,2'v> ^ 
OCL<UJQ.<UJQ.CS33fnOO<3<2*-«G.it- > 
-j VO a Q. Q o. Q. O >- X ►“ I- ♦- X X ^ "S X gl a. 

^ »3Xi<:voQ3 



irvfMO*4’»rveg<0f*-frioa30'O0'e^0Deg O 
O r- o fO nO 03 u% 14 - eg ^ 00 o »Tk O O O O o o O O o 

iO>00®r>-mf^r»-C'Ln<7-(T'ft3.-s'gjr-mO'rOOOOoO 
ggvOOO«vreg'Ofs|GOrjooegfi>v«-^(Mco O 

0 0^00 ODfg^^egeg *e*- O 

oj«oeg^^ 
e-fO>4* 

•«^ ^fO 

OO.V0 -JaC33SQ0022«iK0 

^iooo^egm<i^»rk4)p-^_jh- ^:^:^*/)i/)ooOO»/> 
U.i^<t0C C'X*^’UJUJ UJ(/}Z 

o < Q. o. Q. a. Q. Q. Q. »— X VO (/> -i qc a ui — ^ e- 
au.^xoca.cxxataat —*“X«jzX'Jvooo</> 
oovo OOOOOOO-J j 'X'x.'v 

— ^ttl— OC Ooc X X 3 3 3 



O®m^-4*OCO Ce>r\<7'feifN.gr •O'OOO'OOC'OOO 
O oif» *^*-*rr» tr O mp- fo 4 J o*-»egO o m o o ® O O O O 

O ro O o e> <M o O o 'T o O' eg O O ro »r O in u> o G O 



^rO^nipgegrg 



\ v-.Gf^f«irgega>ou 
«^oo 

‘J-OUO 



O O 02 oCO 

0> ^ Q.X xi_)»-uja 

X-i. vnjooviuj 
u.bg viujwiwi 
'v LUO 

OOmXU2t/>OX2vO 
OGUJOL iuQ.XOU'v'NX<lX2voaj>G33Jtf 

^CDO OQO O ^OU > > i^CDtU OC J> > 2 ^ ^ 



XU. oo> 

tt ««<0^eg<2 



O 

H- 

< 

pg 

2 



2 

O 

W 

u 

2 

X 

u. 

o 

UJ 

2 

< 

X 






o 

QO 



mo 

20 



cc 

xo >r o 
2 Zm 
u 



mo 

zm 



u 



< 



z 

cm egro 
O^ zeg 
2 



2 

o 



■^o 
a. eg 



O vu 
2 >- 
X UJ 
U. 2 
<< 

VJ X 
wu ^ 

2 X 



u-n> 

Ui r- 

2 — 



►- 



2 

VJ 



77 



FUEi 0(»TFFG CUT A NAVAL POSTGRADUATE SCHOOL PAGE OC5 



o 

o 



o 

ir 



o 

\n 



o 



OO 



UiUJ 

40 

tno 

• OO 
O'O 



?? 



^«M 

OO 



UiUi 

0*0 

h-o 

mo 

OO 

« • 

OO 
( I 









o 


o 








o 


0-* 








o 

z 














o 










o 


o 








o 


OO 








2 






o 








o 


OO 








♦ 


♦ 










♦ 4* 








o 














4 


4 4 








Ui 


Ui 








UJ 


UIUJ 








S3 






UI 








UI 


UJUt 








o 


o 








o 


o-m 














<• 








-o 


om 








o 


o 








o 










o 






m 








CM 










o 


o 










0-<M 








Ui 






OO 








m 


®m 










o 








Cf^ 


0-<M 








3 














m 


COP- 








p- 


O' 








r» 










o 






CM 








p» 










• 


• 








• 


• • 








o 






• 








• 


• • 








o 


o 








o 


OO 














o 








o 


OO 


f>4 




o 














t 1 
























1 1 


O 


o 


o 






















Ui 


















Z 1 


z*** 




o 


o 








o 


.■!» « 








1- 














o 


— 


—UJ 


3UJ 


-9UJ 


o 


o 








o 


OO 








•< 






o 


o 






o 


OO 


zo 


U.O 


®o 












4 


4- ♦ 








o 






1 


o 






4 


4 4 


-iO 


<xnr 


CO 


LU 


UJ 








UJ 


UIUJ 














Ui 


4 






UI 


UJU* 


h-O 




<BO 


o 


o 








o 


OO 








o 






O' 


UI 






m 


CMpn 


uo 


UOC 


<o 


o 


o 








o 


Of^ 








z 






0 








03 


cvm 




rg 


.-4 


o 


o 








m 


mm 














m 


m 






CM 


<»1|M 


• 


• 


• 


o 


o 








O' 


^IM 














«p4 


o 






o 


mm 


o 


O 


o 


tn 


O' 










CM'O 








«/> 


o 




OO 


CM 






-0 


CMO 








• 


• 








• 


• • 








D 


• 




• 


• 






• 


• • 








o 


o 








o 


OO 
1 1 








z 


o 




o 


o 






o 


OO 
1 1 




























X 






o 


n 








, 




m 


o 


o 


o 








o 


OO 










o 




o 








o 


OO 


o 


o 


o 


> 


•4 








♦ 


* ♦ 










-4 




4 


< 






4 


4 4 


1 


Z 1 




Ol 


UJ 








Ui 


UIUJ 








o 


UI 


o 


UI 


X 






UI 


UiUJ 


Ui 


Ouj 


<UJ 


o 


o 








o 










z 


o 


o 




Q. 






— 


CM^ 


o 


U.O 


xo 


—o 


— »w 








o 


OO 








G 


o 


4> 


o 








p- 


0‘m 


«iO 


wO 


0.0 


OO 


C30 








Ni- 


mo- 








o 


o 


UI 




< 






o 


p-o 


KO 


UiO 


OO 


OO 


OO 










'Um 








i/ica 


o 


vr 










o 


^CM 


OO 


OO 


<o 


>tM 










m 


mm 








h- 




m 


<»4 


o 






m 


cnm 








•w • 


•«» • 








• 


• • 








Zof 


o • 


o 


• 


UI 






• 


• • 


• 


• 


• 


o 


o 








o 


OO 






«/» 


— Ui 


<o 


o 


o 


CO 






o 


OO 


o 


O 


o 


VO 


t/> 










1 1 






1— 


<a 


z 




1 


o 








1 t 


1 






Ui 


UJ 
















z 


(XO. 




• 




Q. 


















0<M 










^—4 




h» 




P-G 




o 


o 


o 


o 




— 


1 H « 








OO 


OO 








o 


OO 




z 


< 


VO 


4 O 




o 


CC 


o 




o 


OO 








<4- 


o 


QC 






♦ 


L ♦ 






(X 


zoc 






4 


a. 


4 




4 


4 4 








-^Ui 


t-«uj 


< 






— UJ 


UlUl 




< 


p- 


OO 


UJ 




UI 




UI 




.-UI 


UJUl 








aco 


aco 


UJ 


z 




oto 


.^mo 




cX 


«/> 


u 


•o 


• 


>o 




CM 




CX03 




o 


o 


o 


«o 


<lO 


z 


G 




OO 


ocr^O' 




I— 


z 


<x 


— o 




— o 




-o 






CXCMO 


1 




1 


>o 


>o 








l-f'- 


0^1- >0 




«/> 


o 


UlUi 


-^o 


< 


acm 


o 


(T» 




h-o 


0'i*<p 


ZUI 




Xlu 


o 


CM 


o 


h- 




OO 


1-0-0 




z 


o 


03 


wO 


H- 


OP- 


4 


o 




uo 


H><23(M 


-•o 


o 


xo 


ri^ 


z*- 


1 


<l 




UJO' 


o«m 




a 








Ui 


h- m 


UI 


CM 




UI03 




xo 


-•o 


OO 


o • 


G « 




X 




> • 


UI * • 




o 


o 


VO_J 


1— • 


o 


o • 


CM 


« 




> • 


UI • « 


KO 


xo 


OO 




H-O 


o 


ce. 




• o 


^OO 


cx 




UIUJ 




UIO 




UJO 


xo 


o 




1 o 


>oo 


OO 


0.0 


U.O 


VO 


«/> 


z 


a 




K 


t 1 


Ui 


Ui 


l-ot 


UJP- 


X 


• 


» t 


uoo 






X 


1 1 1 


>r 


in 










u. 




w 


o 


o 


> 


<< 


>< 


1— 


OC 


1 


oc^ 








o 


• 


• 


• 


om 


om 


UJ 




o 


m 








o 






UI 


vo^ 


< • 




o 


m 


■» iw4, «p •* 


o 


o 


o 


cuo 


LuO 


& 


>— 




v/io 


OOO 


c 


f— 


OUl 


h-VO 


o 


I- 


wO 


u*0 


II 


4 


voo 


oou 








Q<4 


04> 


< 




UJ 


UI -4 




z 


u 


*— oc 


OUJ 


• 4 


UJ 


4 


VO 




UI 


UI4 


C/: 4 4 4 








Ui 


UJ 








«JUi 


UIUJUjUI 




< 


.^UJ 




muj 


X 


ZUI 




< 


p- 


«»UJ 


UIILUJUJ 








ZO 


zo 


v> 


o 


o 


030 


omoo 


z 




om 


o 


QCO 


< 


OO 


^ II 


X 


p- 


loci' 


OmoDttj 








OO 


OO 


1— 




U*. 


<o 


^(MOO 


o 


o 


mx»N 




OO 


cx 


--0 


< 


Q. 


m 


<a 


_,mp-'T 








o 


o 


z 


H* 


o 


—o 


<01(VO 






G 


M 


P-O 


< 


1-0 


Zui 




CM 


1 11^1 


< C^om 








VOO 


VIO 




o 


<o 


(XO 




h- 




z 


cx 


uo 


a. 


CjO 


CwO. 


< 


m 


ac>o 


>u>mco 


o 


o 


o 


am 


or* 


< 




CM 


<01 


O 1 1 


< 






< 


<»^ 




OJ-* 


— c 




m 


<m 


— «i^<M 


1 




1 


4L. • 


A • 


CL 


o 


• 


• 


— * • • • 


ac. 




P-«M 


> 


CL • 


p- 


OL • 


*'*-1 


u 


• 


^ • 


^ • 


(U 


<UJ 


111 


OO 


OO 


h* 


CL 


o 


o 


zooo 


UI 


UJ 


UJZ 


UI 


o 


z 


N-o 


ZVO 


UI 


o 


o 


zooo 


o 


H-O 


xo 


o 


a 


t/> 






z 


•— 1 


1— 


CC 


QC^ 


£X2 


CL 




o 


UI 


>- 




z 


— 1 


o 


CUO 


OO 


o 


o 


z 


o 




o 


< 




< 


<< 


<o 


u. 


< 




x^ 


< 




o 


< 


»-o 


XO 


OO 






o 


< 






<L 






QC 




o 


(X 


X 


— < 








cx 


OO 


►-0 


U.O 


ae 


OL 


o 




II 


cO 


1— 


z 


UJ 


UIP-^ 


UIVO^N 


1 


p- 


o 


o^- 


o 


II 


CO 


p“ 








UJ»*' 


UJ— > 








p-»— 


*/l— — — 




cr 


OC.C/* 


□IM 1 


.L— » 


VO 


cx — 


1 p- 


o 




< — 


Wll 


• 


• 


• 




a>^ 


o 






o^ 




o 


UJ 


UJZ 


UJO 


CO^ 


z 




UI— 




-o 






o 


o 


o 


CJ 


Q. 


o 


z 


03 


UI 


o — 


UI 


X 


XU 


XUJ 


o 


o 


UI 


zz 


< 


CO 


UI 


u — 


1 






o 


o 


< 


— 


Q 


o 


o 


o 


>- 


»-o 


►-0 


a. 




«/> 


o— 


u 


o 


a 


u 



78 



FI LEI CPTFFG OUT « NAVAL POSTGRADUATE SCHOOL PAGE 006 




























OO 

4i ♦ 
UJUl 

mo 
























mO 




















* 




mo 
























0*0 
























• • 
























00 

1 i 














m 








o 
















o 








o 


OO 














1 








♦ 


♦ 














Ui 








UI 


UJUJ 














r*“ 








M 


fn>o 














An 








m 


>Ofn 






















m 


^r- 














0» 








in 


AMO* 














An 










o*»r 














• 








• 


• • 














o 








o 


00 

1 1 






















o 


MM 














o 


o 






o 


OO 














1 


o 






♦ 


> 














Ui 


•4- 






UI 


U/UI 














(> 


Ui 






O' 


Ooo 














o 


00 






m 


mO* 














M 


<M 






>43 


mm 














*r 


o 






O' 


<r\>o 














O' 


M 






in 


m>o 














• 


• 






• 


• • 














o 


o 






o 


OO 














.1 










1 1 
















■ 






M 


M^4 














o 








o 


OO 














1 


< 




















M 


UJ 


X 






UI 


U^UI 












o 


O 


X 






>43 


p-rsi 












♦ 


<o 








M 


coo 












Ui 


<r\ 


< 






r- 


«M 








AO 




Ol 


rsj 








O 


>ro 








>- 


«— 


o 


M 


o 






rn 


mm 








z 




o 


• 


UI 






• 


• • 






A/1 




< 


o 


n 


Ol 






O 


OO 








< 


z 


M 




c 








1 1 




A/1 


r 


X 


• 


• 




X 
















1— 


MfiiH 


o 


<M 


a 


o 




M 


MM 




z 


< 


(O 


« o 




o 


X 


o 




o 


OO 




•M 


X 


z 


M 




1 


X 


+• 




♦ 


♦ ^ 






K 


o 


UI 




UI 




UI 




mUJ 


UJUi 




X 


VI 


o 


•o 


H 


r*» 




'O 




XO 


Mfflm 


Ol 


H- 


Z 




— o 




— <M 




r- 




or- 


X'O'O 




A/1 


o 


UJ 


MO 


< 


ac-T 


o 






1— M 


o>r<M 




z 


u 


o 


wO 


I— 


O>o 


♦ 


M 




OO 


H- 




o 




M 


<«-( 


UI 


1-0 


UJ 


M 




Uioo 


Ajmm 




u 


o 


(O 


^ • 


cn 


a • 


o 


• 




> • 


UI • • 


aC 




U/UJ 




Uio 




UIO 


XlfA 


o 




• o 


>oo 


Ul 


Ol 


h-X 


UJ 


X 


m 


> 


o<^ 






X 


1 1 1 


<o 


> 


<< 


■> 




X 


1 


XA\J 




vt- 




o 


X 


M 




M 




UJ 


AO.-I 


< 6 




o 


<n 


— mmO 


3 




QAO 


r“ 


u 


H“ 


— CJ 


UiO 


n 


♦ 


tJlO 


ooo 


Z 


o 


MX 


o 


• ^ 


Ul 




to 




UI 


UI*P> 


A/1 1 U 




< 


>ui 


< 


VJUJ 


X 


ZUJ 




< 


O' 


^UJ 


UJUi UJUI 


Z 




(S 




xo 


< 


OO 


O II 


X 


<33 


(Om 


Z) omO 


o 


o 


AMX 


o 


OO 


X 


mO 




X 


O' 


<GO 


xamOm 


N«* 




X 




dS 


< 


H-O 


zui 


X 


O 


^in 


•J’OCO'J- 


h- 




Z 




a. 


OO 


ux 


< 


vO 


xo* 


d»>0>r0 


< 








<M 




UI*-< 


mO 






<pn 


<MMM 


X 








u. * 




X • 




o 






M • • • 


Ol 


Ui 


<UZ^ 


UJ 


o 


z 


MO 


Zvi 


UJ 


o 


O 


zooo 




X 


x*-» 


X 


u 


M 


o 


Ui 


p- 




z 


M 1 1 




< 


<< 


< 


u 


< 




XX 


< 




o 


< 






X 




o 


X 




M*X 


X 






X 


z 


UJ 




UJ 


1 




o 


o— 


X 


u 


<yl 


h« 




X 


i^VI 


X 


x-» 


A/1 


X*“ 


1 p** 


o 






A/<M 


o 


Ui 


UJZ 


UJ 


A/»M 


z 


<M 


UJM 


X 


-5 


OM 


ZMn-fn 


Ui 


X 


xo 


X 


3 


a 


UI 


zz 


< 


03 


UI 


O »- 


s 


»- 


>-o 




X 


u 


A/1 


QM 


u 


CJ 


o 


u 




























oo 
























•P ♦ 
XX 
























f-O 
























oo 
























40 
























A /*0 

1 li"t 
























• • 

00 

1 1 














rsj 








o 


MM 














o 








o 


OO 














1 








•p 


p -p 














m 








X 


XX 














-t 








M 


M >0 














o 








(«T 


>or- 














4 








m 


OP- 














P» 








m 


AM CP 














m 








p“ 


o-t 
























• • 














o 








o 


00 

1 i 














Q 








o 


Mm 














o 


AM 






o 


OO 














♦ 


O 








■P P- 














X 


1 






X 


XX 














a* 


X 






<X3 


4M 














o 


o 






M 


OAM 
















o 






43 


<M «0 
















M 






O 


cn>o 














M 


AM 






m 


AMO 














• 


• 






• 


• • 














0 

1 


o 






o 


00 

1 1 














M 


« 








MM 














o 








o 


OO 














1 


4 








P P 












M 


X 


M 






X 


XX 












o 


<7* 


X 






ixi 


mcp 












♦ 


AM 


-J 






M 


0*0 












Ui 


0 * 


4 






p- 


OO 








A/1 




m 


>43 








o 


40 










M 


m 


m 


o 






Atl 


mm 








z 


u 


M 




X 








• • 






A/l 




4 


o 


o 


A/1 






o 


oo 








4 


Z 






o 








1 1 




A/1 


z 


X 


• 


• 




X 












h- 


M 


I— 


M 


o 


M 


o 


AM 




M 


MM 




Z 


< 


A/1 


If 




o 


X 


o 




o 


OO 




M 


X 


z 


M 




1 


X 


1 




•p 


p p 




X 


p- 


o 






X 




X 




—X 


XX 




X 


oi 


tj 


• 


4 


fAJ 




m 






MQsm 


m 


1 - 


z 








—4- 




o 




or- 


XAMAM 




A/1 


o 


UJ 


M 


4 


X^ 


o 


p- 




P-M 


Cm<M 




z 


tj 


o 


M 


H 


om 


J> 


o 




OO 


p— 40 




a 






4 


X 


r-ni 


X 


AM 




xco 


omm 




u 


o 


1/1 


p- 


<X3 


o • 


M 


• 




> • 


X 6 • 


X 




UJUJ 




Ul 




xo 


Xm 


O 




1 o 


>00 


UJ 


UI 


p-x 


UJ 


X 


• 


> 


om 






X 


1 1 1 


(O 


> 


4< 


> 


1 - 


X 


1 


XAM 




•4- 




0 


X 


M 


X 






X 


VlM 


4 • 




O 


An 


— -mMO 


Z3 


M 


0 </i 


p— 


o 


p- 


mO 


XO 


II 


•P 


unQ 


ooo 


Z 


o 


MOt 


u 




X 




A/l 




X 


x^ 


A/l 1 P P 




4 


-»uj 


4 


A/IU. 


X 


zx 




4 


X 


XX 


XXX Li-) 


Z 




o 




xo 


4 


oo 


X II 


X 


o 


aj<r 


ZP-f^m 


X 


o 


m3l 


o 


XO 


X 


MO 


4 


X 


m 




XOA'lO 






Z 




1-0 


4 


♦-0 


^UJ 


X 




M^ 


<m<33p- 


M 








OO 


X 


oo 


OX 


4 


•<j 


XO 


>m44 


< 








<M 




Xm 


mU 








a*M^ 


X 




P- 




X • 


h- 


X • 


VA^ 


O 


• 


> • 


p- • • • 


UJ 


UI 


UJ2 


UI 


o 


Z 


MO 


Zc /1 


X 


o 


O 


zooo 


1- 


X 


Xm 


X 


X 




o 


X 


P“ 




z 


M 1 1 


M 


4 


<< 


4 


X 


4 




XX 


4 




o 


4 






X 




o 


X 


X 


M< 


X 




M 


0 


Z 


UI 


UIP-M 


Ui 


I 


P— 


o 


Om 


O 


tf 


A/l 


M 


M 


X 


xv> 


X 


X — 


Vi 


X-* 


1 M 


A-l 




■ 


Ul ■» ii»i »— 


AJ3 


X 


UJZ 


Ul 


A/IM 


z 


4m 


UJM 


X 


-J 


OM 


ZmP-AVI 


UJ 


X 


xo 


X 


3 




X 


zz 


4 


o 


X 


0 M 


O 


1“ 


»-AJ 


»- 


X 


o 


A/1 


OM 


O 


a 


o 


0 



79 



FliEl CPTFFG OUT A NAVAt POSTGRAOUATE SCHOOL PAGE 007 

























OCM 
























0<M 
























oo 

♦ ♦ 
























?9 
























UiUi 
























UIUI 
























OO 

oo 
























is 






















m 


Oo 
























oo 
























oo 
























oo 
























^— 
























4 — 
























• • 
























• • 
























00 

1 1 








•* 
















OO 
1 1 






















o 










u 

z 






CM 








o 
















o 








o 


oo 








3 






o 








o 


OO 














1 








♦ 


♦ ♦ 








o 






1 








■L 


+ ♦ 














Ul 








Ul 


UjUl 








03 






Ul 








UJ 


UiUI 














0* 








m 
















if» 








<n 


CM CO 














>o 








■4T 


—4* 








at 






fO 








tn 


mm 














O' 








O' 










Ui 






r'- 








O' 


9'0 














m 








irv 


mg* 








3 














m 


—O' 














cn 


















O 














f"- 


IA4 














• 








• 


• • 








X 






• 








• 


• • 














o 








O 


00 

1 1 








VI 






o 








o 


00 

1 1 






















o 


— — 








Ul 






<9 








o 


— 














o 








o 


oo 








4 






O 


— 






o 


oo 














> 


O 








+ •¥ 








o 






1 


O 






+ 
















Ui 


1 






Ul 


U»UJ 








— 






Ul 


1 






Ul 


UlUJ 














o 


UJ 






a 


'Too 








a 






4 


Ul 






o 


CM CM 














o 


r- 






o 


fO — 








z 






'O 


f'- 






o 


04 














o 


<o 






o 


4-r«- 














m 


m 






o 


4lA 














o 


>o 






o 


oo 














4* 


— 






o 


o>o 
















u> 






u> 


CMsO 








V) 








— 






tA 


cmmj 














• 


• 






• 


• • 








3 






• 


• 






• 


• • 














0 

1 


O 






o 


00 

1 1 








z 






O 

1 


o 






o 


OO 
1 I 














o 


• 








— — 








I 








« 








— 














o 








o 


oo 














o 








o 


oo 














♦ 


< 






♦ 


♦ ♦ 








VI 






1 


4 






♦ 


♦ ♦ 












O 


Ul 


X 






Ul 


tuui 








Q 




o 


Ul 


X 






Ul 


UIUI 












o 


0* 


a. 






f'- 


e'en 








Z 




o 


oo 


X 






O' 


4C^ 














m 


-i 






CM 


vncM 








O 




♦ 


— 


«J 








03 CO 












Ul 


I'- 








<9 


—O' 








a 




Ul 


<9 


4 






<9 


— 








i/t 




cn 












r»*o* 








vice 




o 


4 








— 


r-o 








y-~ 


.A 


CM 


CM 


a 






m 


fO,»> 










•» 


CO 


CM 


O 






m 


mm 








Z 


CJ 


rn 


• 


Ui 






• 


• • 








zot 


u 




• 


Ui 






• 


• « 






V9 




< 


fO 


O 


1/1 






O 


oo 






V) 


— Ui 


4 


O' 


O 


I/' 






O 


OO 








< 


z 


CM 




a 








i 1 






H- 


«x 


Z 


O' 




O 








1 1 




</l 


z 


OC 


m 


• 




Q. 












VI 


Z 


at CL 


• 


• 




o. 












H- 






r-* 


O 


o 


a 


o 






— 




H- 




i-X 


— 


o 


— 


u 


— 




— 


— 




Z 


< 


WJ 


» 




o 


a 


o 




o 


oo 




z 


4 


VI 


• 




o 


Qt 


o 




o 


oo 






a 


Z 








a 


♦ 






•u ut 






at 


Zot 


mm 




1 


a 


1 






♦ ♦ 




< 


H- 


a 






UJ 




Ul 




— Ul 


UIUI 




< 


►- 


OO 






Ul 




Ul 




— Ul 


UIUI 




oc 


</» 


u 


m 


M 


m 




<9 




ar- 


— 




at 


VI 


o 


• 


a 


<4 




4 




at— 






H- 


z 




— 




— o 


cn 






oo 


a^-m 


m 


— 


z 


a 


A 




—4* 


4“ 


— 




O— 


X03«0 




</) 


o 


UJ 




< 


oco' 


O 


CM 




UtO 


CCMO 




VI 


o 


UIUI 


— 


4 


ao 


O 


CM 




1-4 


omm 




Z 


u 


Q 








♦ 






OCM 


o 




Z 


Ul 


03 




H- 


oo 


♦ 


'O 




UlCM 


1-00 




o 






■< 


Ul 




Ui 






UlCO 


utNjm 




c 




— O 


4 


Ui 


►-m 


Ul 


— 




UlCO 


ucMin 




o 


c* 


V) 


►- 




o • 


>r 


• 




> • 


Ul • • 




u 


Q 


Vl^ 


I- 


(9 


o • 


m 


• 




> • 


Ul • • 


OL 


Ul 


UJ 




Ul 




UIQ 


x^ 


O 




1 O 


>oo 


at 




Ui 




Ui 




UJO 


XCM 


o 




t o 


>oo 


Uf 


ai<£ 


►- 


UJ 


X 




> 








X 


1 1 I 


UJ 


UJ 


— 


Uj^- 


X 


• 


> 


VJf'» 






X 


1 1 1 


aa 


X 


< 


> 




a 


1 


a>o 




'f 




o 


C9 


> 


4 


><4 


h" 


a 


1 


OtCM 




4 


— 


o 


a. 










Ul 


«/>^ 


< • 




CJ 


fn 


-0—0 


X 




X 






Ui 


Uf— 


4 • 




Ul 


rO 


— 0^«CM 


3 




Q 


r- 


o 


1— 


— o 


uio 


II 




VIV^ 


QUO 


X 


1— 


O 


h-wJ 




h- 


— o 


UIO 


II 




1/10 


C300 


Z 


OO- 


tm* 


<-> 


• + 


Ul 


1 


Wl 1 




Ui 


Ul<«> 


W1+ ♦ ♦ 


z 


u> 




UUi 


• 


Ui 




U) 1 




Ul 


UI<L 


^ 1 






:> 




(/lUJ 


a 


<^UI 




•4 


CM 


wUI 


umjuiut 




4 


> 


4^ 


VI 


X 


ZUJ 




4 




— Ul 


UJUlUiUi 


Z 


Oi 






a^j 


< 


OfM 








OifO 


:3o— ^ 


z 






<9 


at 


< 


oo 


^11 


X 


Ui 


<9<>0 


Xm— 9 


U 


-<X 


o 


O 


u»-* 


CL 


«<T» 


< 


a 


O 


4^ 




u 


O 


o 


—4 


a 


a 


— o 


4 


CL 


m 


4 CM 




tmm 








►-0 


< 


►-m 


^UJ 




in 




<CMU>^ 


— 






•» 


1- 


4 


1-0 


ZUI 


-i 


— 


—4 


4'OiniA 




2 






uo 


a. 


OlTk 


QQ. 


4 


m 


tCO' 


>«icoro 


— 






at 


o 


Q. 


UIO 


ox 


4 


m 


XO' 


>mom 


< 












uiirc 


—Ul 




ro 


4r'» 


r'CMro 


4 






4 


40 




uo— 


— Ul 




r«» 


4f«» 


—CM CM 


A 








u. • 




a • 


v»^ 


U 


• 


^ • 


— • • • 








:> 


IL • 


1— 


a • 


V)— 


LJ 


• 


^ • 


• 


UJ 


UJ2 


UJ 


UJ 


o 


Z 


— o 


ZU^ 


UJ 


O 


O 


zooo 


Ul 


Uj 


Ul 


Ui 


o 


Z 


— o 


^V1 


Ul 


O 


o 


ZCJOO 


>• 


ac*-» 


oc 


CL 


tx 


M 


a 


Ul 


I- 




z 


— 1 1 1 




a 


Qt 


atZ 


U 


M 


o 1 


Ul 


h“ 




X 


— 1 1 




« 


< 


< 


u. 


< 




Z-i 


< 




a 


4 


— 


< 


4 


40 


UL 


4 




T-l 


4 




o 


4 




CL 






a 


a 


X 








« 


a 










a 


a 


X 


.^4 






— 


a 


Z 


UJH-^ 

aw# 


UJ 


Ul 

a 


1 

1 — 


VI 


o 

at— 


O— 


X 


i 


1/1 




z 


Ul 

a 


Ul 


UJV14 


1 

X — 


1- 

VI 


o 

a— 


O — 


X 

o 


II 


VI 


VI 




























o 


UJ^ 


UJ 


Ul 




Z 




UJM 




~J 


Ul — 


r-m 


o 


Ui 


Ui 


ua_> 


VI — 


Z 


4 — 


Ul— 






Ul— 


r-(4 


UJ 


XUJ 


X 


X 


3 


Ul 


UJ 


Zz 


4 


cs 


UJ 


LJ — 


Ul 


X 


X 


Xui 


X 


o 


Ul 


zz 


4 


03 


Ui 


o — 


O) 


H-U 


y- 




CL 


u> 


w» 


a— 


O 


O 


CJ 


u 


ts 


H- 


h* 


H>0 


o. 


o 


Vf 


o— 


o 


a 




u 



80 



BEGIN ITEPA110N NUMBER 



o 



Ui 

< 

a 



o 

c 

X 



3 

a 



CL 

O 



o 

a 



> 























OIM 
























Orsi 






















OO 
























OO 






















> ^ 
























■¥ •¥ 






















00 
























00 






















Oo 
























OO 






















oo 
























00 






















oo 
























00 






















oo 
























OO 






















>r^ 
























>f0 






















• • 
























• • 






















oo 
























00 






















1 1 
























1 1 






O 
























0 






















z 






o 








o 


mrnmrn 








z 






CM 








0 


mrnmrn 






3 






o 








o 


OO 








3 






0 








0 


OO 






Q 






♦ 








> 


♦ > 








0 






1 










■f -L 






0 






0 








0 


IL|0 








d» 






0 








0 


00 












f- 








nj 


00 














<s 








m 


^0 






CL 






H 








m 


>T0 








X 






0 








m 


m^ 






Ui 






OJ 








in 










0 






>0 








m 


IMO 






3 






mm 








0 


0O» 








3 
















0 O' 






O 






<M 








H 










O 














0 


m>r 






u 






• 








• 


■ • 








u 






# 








• 


• • 












O 








O 


OO 














0 








0 


00 






Ui 
















1 < 








U) 
















I 1 






Ui 
























0 






















>» 






>o 








o 


■*• 4 








0 














0 


00 






< 






o 








o 


OO 








< 








rvi 






0 


00 






u 






1 


O 
















0 








0 






■¥ 


^ ■¥■ 












0 


1 






0 


00 








0 








i 






0 


00 






o 






mm 


0 






a 


mtn 








0 








0 






0 


rum 






r 






>r 


ru 






o 


mm 
















m 






0 


mvT 












mm 


m 






o 


om 








0 














0 


om 












0 


0 






o 


00 
















<N| 






0 


03 'O 






U) 






Oi 


Oi 






in 


— 0 








U) 






0 


CO 






m 


0 sO 






3 






• 


• 






• 


• • 








3 






• 


• 






• 


• • 






Z 






o 


O 






o 


oo 








Z 






0 


0 






0 


00 














































t 1 






Z 
























X 




























O 


i 






mm 


mrnmrn 














0 


■ 






0 


00 












O 








O 


OO 














0 








0 


00 






UI 








< 






♦ 


♦ ♦ 








UI 






1 


4 






4 








O 




mm 


0 


X 






0 


00 








a 




0 


0 


X 






0 


00 






2 




O 


<3* 


X 






r* 


OH 








z 




0 


0 


a 






0 


om 






3 




1 


0 








0 


O0 








3 






m 


mi 






<0 


0<B 






O 




Ui 


IM 


< 






r* 


Ornm 








a 




0 


m 


4 






0 


00 






w1(S 




m 


rn 








(M 


O'O 








U 10 




m 


ru 








Oi 


O'© 






H 


-• 


in 


0 


o 






m 


mm 








0 




m 


0 


0 






m 


m«ri 






Zac 


u 


o 


• 


0 






• 


• • 








zx 


0 


<s 


• 


0 






• 


• • 






••Ui 


< 


m 


O 


U) 






o 


oo 






UI 


0Ui 


< 


O' 


0 


U) 






0 


00 




H 


<& 


Z 


(M 




o 








1 1 






0 


<a 


2 


O' 




a 








< 1 




r 


oca 


• 


• 




a. 












U) 


z 


xa 


• 


• 




X 










h- 




»-3 


mm 


O 


mm 


o 


mm 




mm 


00 




0 


0 


03 


0 


0 


0 


u 


IV 




0 


00 


z 


<< 


U) 


M 




O 


a. 


O 




O 


oo 




z 


< 


UI 


i 




0 


X 


0 




0 


OO 




K 


Zac 


mm 






X 


1 






♦ 4» 






or 


zx 


0 




1 


X 


1 




•¥ 


♦ ^ 


< 




oo 






0 




0 




^0 


00 




< 


0 


00 






0 




0 




-•Uj 


00 


CC 




o 


«» 


i 


O 




r^ 




OC0 


— mH 




OC 


UI 


0 


• 


II 


0 




<0 




XO 


mm,Q><X} 




Z 


aC 


A 




— o 


<N| 


m 




CO* 


acorn 


H 


0 


2 


X 










0 




00 


xmm 


u> 


Q 


UiUi 


•• 


< 


OLO 


o 


«M 




1-0 


00 m 




U) 


0 


00 


0 


4 


xo 


0 


O' 




00 


oom 


Z 


U 




•• 




OO 


♦ 






(0in 


0<VO 




z 


U 


02 




0 


C0 


> 


0 




um 


0OIO 


o 




— o 


•«o 


Ui 


^mrn 


0 


m 




00 


00 m 




o 




—a 


4 


0 


00 


0 


0 




0<9 


30 m 


o 


o 


u»u 


V- • 


0 


U • 


o 


• 




> • 


0 • • 




u 


0 


U)0 


0 


0 


0 • 


<o 


• 




> • 


0 • • 


UJ 


Ui 




UJO 




0O 


X<M 


o 




• o 


>00 


a. 




u* 




0 




00 


X0 


0 




1 0 


>00 


uio: 


H 


UiH 


X 




> 


UH 






5< 


1 1 1 


0 


0 


0 


LU0 


I 


• 


> 








X 


1 1 1 


X 


< 


X 


H 


0 


t 


ocin 








0 


0 


> 


«t 


X 


0 


X 


I 


xru 






w 


0 




U 


•• 


'*• '• 


0 


KTirnm 


< • 




o 


m 


WQ00 


X 




mi 




0 


0 


U)0 


4 • 




0 


m 


— 00 


KV> 


u 


>-u» 


o 


H- 




0O 


II 


> 


U)o 


OUO 


3 


0 


u 


H-V> 




0 


0 O 


00 


II 




UIO 


30 


UQC. 


•m 


out 


• ★ 


UI 


1 


UI 1 




0 


0 ■*■ 


U»> 1 


Z 


0 


M 


00 


» 


0 


-L 


UI 1 




0 


0 « 


UI ★ 


<iU 


•> 




U)Ui 


X 


^UJ 




<t 


-i* 


00 


0000 




<. 




mi 


V» 


X 


Z0 




4 


'T 


00 


0UJ0 


A 




0 


(X'T 


< 


0-- 


mi i| 




0 


0ru 


30*00 


Z 






CO 


X 


< 


00 


3 M 


X 


0 


CUO 


3^0 




O 


-•< 


um 


OC 


mm(J^ 




X 


>r 


<|sO 


^mmrmmrn 


0 


0 


0 


mmmt 


a 


X 


00 


4 


X 


rv 


4fn 


3m0 


3 




mm 




< 


i—m 


S'" 


0 




mm^ 




•• 








0 


4 


00 


Z0 


mi 


0 


0 ^ 


4<Dm 


Z 




oL 


U'i' 


X 


um 


CO. 


< 


in 


QCO 


>»ooom 


0 






X 


0 


a 


uo 


3X 


4 


■jt 


XO' 


>^•00 






< 






0m 


mmQ 




m 


^m 


0(M(M 


•« 






<4 


40 




00 


0VJ 




m 


4fn 


•^cviO 


h- 




> 


u. • 


I— 


OC • 


Ul^ 


u 


■ 


> • 


0 • • • 


0 








0 • 


0 


X • 


UI0 


u 


• 


^ • 


0 • • • 


UJZ 


UI 


Ui 


O 


z 


«o 


ZU) 


0 


o 


3 


zooo 


0 


0 


0 


0 


0 


z 


00 


zu> 


0 


0 


0 


zooo 


ac»- 




ocZ 


u. 


mm 


a 


0 


K 






— 1 1 1 


0 


QC 


QC 


xz 


0 


0 


0 1 


0 


0 




Z 


•• 1 1 


«. 


< 


<o 


X 


<. 




70 


< 




O 


< 


M 


< 


< 


<0 


0 


4 




X3 


4 




a 


4 


OL 






o 


CL 




»«r 


0 






CL 










0 


X 




— 4 


3 






X 


uj*-rn 


U* 


UIU)'*' 


1 


H 


u 


Q»- 


3 


n 


u> 


pm 


z 


0 


0 


0U><^ 


1 




u 


O 0 


3 


u 


UI 


0 




a. 


at*-» 1 


X — 


U1 


QC — 


1 H 


o 




■ ■ ■ ■ 


mt 




ij. 


X 


1 


X— 


u» 


OLmm. 


1 ^ 


u 




0 


U» <-l • !• 


UJZ 


Ui 


UiO 


v/mrn 


z 




0M 


0 


"5 


U0 


Z0r»<n 


C3 


0 


0 


00 


Utmrn 


Z 


40 


00 


3 


-5 


30 


200m 


XU 


X 


•LUi 


3 


u 


0 


zz 


< 


0 


0 


0 ^ 


0 


X 


X 


X0 


3 


u 


0 


zz 


4 


0 


0 


U 0 


HU 


H 


»-a 


a 


u 


UJ 


o*- 


U 


o 


u 


u 


0 


0 


0 


00 


0 


u 


UI 


O 0 


u 


0 


0 


u 



81 



fU£t CPTFFG CUT A NAVAt POSTGRADUATE SCHOOL PAGE 0C9 

























OCM 

oo 
♦ ♦ 
UlUi 
























S8 
























OO 
























OO 
















•> 








4-^ 
























« • 
























?? 








a 
























z 






o 








O 


ii 








8 






o 








O 


OO 












♦ 










♦ ♦ 








(S 






UJ 








UJ 


uiUi 














ir> 








4 


0«n 








X 






o 








cn 


04 








UJ 






00 








-H 


r-^ 








3 
















OO 








O 






m 








r«“ 


CM4 














« 










• • 














o 








o 


OO 








to 
















1 1 








UJ 
























H- 






90 








o 










4 












o 


oo 








u 






1 


o 








♦ ^ 














UJ 








UJ 


UJUJ 








o 






(M 


UJ 






o 


in M3 








z 






f- 


o 






o 


m4 














<M 


m 






o 


com 














ft. 


•o 






o 


sOM) 








to 






OO 










^M3 








3 






• 


• 






• 


• • 








Z 






o 


o 






o 


OO 














1 










1 1 








Z 






























o 


« 


















. 




o 








o 


oo 








UI 






*- 


4 






♦ 










O 






UJ 


X 






UJ 


UIUI 








z 




O 


00 


X 






>o 


oo 








3 




1 


>r 








o 


r“<o 








O 




UJ 


l~4 


4 






CM 


00-^ 








to to 




(^1 


CM 








cn 


oo 










A 


f*“ 




o 






ro 


enm 








zx 


o 




• 


UJ 






• 


• « 






to 


mUJ 


< 


^r 


o 


to 






o 


oo 






1— 


40. 


z 






o 








1 1 




t/1 


z 


XX 




• 




X 












H- 




»“3 




o 


-H 


o 






-H 


o^ 




z 


4 


to 


n 




o 


X 


o 




o 


oo 






Ot 


zx 








X 


1 






♦ ♦ 




4 


K 


oo 






UJ 




UJ 




..UJ 


UJUJ 




at 


tO 


u 


• 


K 


o 




o 




Xf^ 


*fM 


o 


H- 


Z 


X 


A 




-'O 


CM 


4 




0“- 


X03U^ 




CO 


o 


UJUJ 




4 


XO 


o 






l-'O 


com 




§ 


u 


Q3 




I— 


OO 


♦ 






OP» 


►“OO 








40 


Ui 




UJ 


CM 




uicn 


oom 




u 


a 




K « 


O 


o « 


o 


« 




> • 


UJ • • 


QC 


UJ 


Ui 




tUO 




ujo 


x^ 


O 




1 o 


>oo 


UJ 


Ulot 


»— 


UJ»— 


X 


• 


> 


0(A 






X 


1 1 t 


03 


>4 


4 


>4 


V— 


X 




o.m 




4 




o 


Z 








■—« » 


UJ 




4 • 




O 


cn 


— »0“*CM 






LJ 


►“to 


U) 


►- 


wO 


UJO 


II 




too 


OOO 


z 


u«- 




OUJ 


» ^ 


UJ 


1 


to 1 




UJ 


Ul^ 


(/>•► 1 




4Ui 




4^ 


«/lUJ 


X 


ZUJ 




4 


CM 


_JUI 


UlUiUlUJ 


2 


(X) 




<S 


XO 


4 


om 


^ u 




r* 


(DO* 




o 


-HX 


o 


^4 


OO 


X 




4 


X 




4m 


_iinr“r“ 


M 


3 






»-o 


4 


►-CM 


S'" 

ax 


_J 




^4 


4inmo 


t— 


Z 




X 


oo 


X 


04 


4 


u\ 


xc* 


>inoo4 


4 






4 


4« 




Ul^ 






(»> 


4m 


•mCMnO 








.> 


• 


t— 


X • 




U 


• 


> • 


^ • 


Ui 




UJ 


UJ 


o 


z 


— o 


Zto 


Ui 


O 


o 


zooo 


»— 


QC^ 


CL 


xz 


u. 


M 


a 


Ui 


K* 






— 1 1 1 




<4 


4 


<o 


X 


4 




r-i 


4 




o 


4 




(3t 






o 


X 


X 


*-«4 


O 




•• 


X 


Z 


UJH-fO 


UJ 


UJt04 


1 


f— 


o 


Q— 


3 


II 


to 


I— 




O.V)^ 


X 


X^ 1 


i— 


UI 


X — 


1 ►“ 


o 




■ ■« ■ 


l/T ~ 


o 


UJZ 


UJ 


UJUJ 


to^ 


Z 


4^ 


UIM 




-» 


0«-4 




UJ 


xw 


X 


XUJ 


3 


o 


Ui 


zz 


4 


cu 


Ui 


U ^ 


OQ 


H-VJ 


►- 


H-O 


X 


o 


tO 




O 


o 


U 


o 



o«M 

oo 



oo 

oo 

oo 

oo 

• • 

00 

1 I 



o 







o 


oo 








♦ 


♦ > 








UJ 


UJUJ 








4 


cm 








m 


04 








»-4 


f“M3 










oo 








h“ 


CM4 








• 


« • 








O 


00 

1 1 








o 


1 1^ 








o 


oo 








♦ 


♦ > 








UJ 


UJUJ 








V-l 


mM3 








O 


m4 








o 


®m 








o 


M3 M3 








m 


“<M3 








• 


• • 








o 


OO 
1 i 


















o 


OO 








♦ 


♦ ♦ 








UJ 


UJUI 








M3 


oo 








O 


r“0 








CM 










CO 


OO 








m 


com 








• 


• • 








o 


OO 










1 1 


to 






•4 


0*4 








o 


OO 


z 






♦ 






z 




—UI 


XUJ 


4 


o 




Xf^ 


■~»“»CM 


X 






C-H 


xoom 


►- 


1- 




»“M3 


OM3cn 


to 


4 






H-OO 


Z 


z 




UICO 


UM3m 


u 


X 




> • 


UJ • « 


u 


o 




1 O 


>oo 


UJ 


u 




X 


t 1 I 


UiX 


z 


4 


1«l. 


o 


>4 




O 


cn 


^O-hCM 








i/lO 


V-JCJCJ 


1 — to 


Z 


UJ 


UJ^ 


to ♦ 4- i 


t^x 


UI 


CM 


^Ul 


XUiXX 


4UI 




r* 


(SO 


Cm«m 


cn 




tm4 


4cn 


jmf*»r* 




4 




•^4 


<mmo 






m 


XO 


>m®4 


2 


•• 


cn 


4cn 


^^<MM3 




u 


« 


^ • 


^ • 


C“ 


I. 


o 


O 


ZOOCJ 


UJZ 


►“ 




z 


I 1 1 


X»^ 


X 




o 


4 


44 


a 






X 


X 




w 


to 


►“ 


Uli— m 










tLtri^ 


4 


-I 






uiz 


z 


CO 


UJ 


U -H 


XO 


M 


o 


o 


O 


»-o 


X 











u 

z 



a 

z 



</> 

a 

z 

3 

C 

i/un 



Z C3&0. 
— 1-3 

< </> 

QC Zee 
H- OO 

</) o 

Z CL 

o tx>uj 
u 02 

Q 

UJ 

»— UJH- 



O (->«/> 
M OUi 
;> -4.-J 



oe 

4 

:> 

UJ UJ 

CL aez 

4 40 

UJ UJV'*T 
at Qt*-* I 
UJ UJO 
z: XUJ 

►- H»0 



</1 

z 

a 




4 

at 

UJ 



ff> 



at 

O 

u. 

Z 

O 

u. 

<X) 

4 

o 



to 

to 

UJ 



OQ 




Qw to 
Z 

O.CU U 
UIQ 

»- I »- 




►“t/7 

4(0 

Z4 



CL 

UJ 



u. 

a 

at 

Ui 

ou 

JL 

O 



82 



OBJECTIVE FUNCTION HAS EVALUATED 60 TIMES 

CONSTRAINT FUNCTICNS WERE EVALUATED 60 TIMES 



FIlEt CPTFF6 CUT POT A NAVAL POSTGRADUATE SCHOOL PAGE 010 



13 

X 





oO 

ooooo 

♦ 4. ♦ ♦ + 
















xo 




OCOUJUJUJIL'LU 






oo 


O oo CO 


ooooin o 


o 


oa 




atzooooo 






00000000000000000.-H 


ooooooo 


2H- 




aoooooo 
















— i>— LO 




0.000000 






m.cooo«noooo^njooooooooocNooni 


LuXl- 




0ffl0<>*000 






*-4in 


«r 


^C4 






kuOo: 




*'4’0‘ O' 






rm4 










t- jO 




• • • • « 

ooooo 


o 














v3<a 






az 

a;0 




ou 


OOC »-♦- 2 


-JH- 


•-0 CLK 




H-1— 




f0«^*-<00 


0.0 




OOO'UOO < •— 


c^-j 


^OCCO-VT 


OI 


<<LU 




ooooo 


Q.a 




U<^0<0 XX X 


c. 


«tQL>-2 


o 


xxo 




♦ ♦ * 4. ♦ 






< < 


H- 


</3t-OXC O 








LUiUUJUJUJUJ 


OOOOOOOOOOOOO 




30 


ului jvo a 


CL^ 


OH-OKf- 


</3 




o 


30'n-s00^ 






CtU«tX</'>» -JCL 


VTOO>3 22 


LO 


-icLin 




Ofo 


OOOOOOOOOOOOO 




aQr-joc.<< xz> X 


•-•XLJXLJVTacQt. 


<t 




Ui 


<t'4“ •Orvi o 






OOU.»“CLO XVT o 


OX>XOU-CLCL 


a 


X»>3CL 


r^ 


>0'r~«‘oor» 




















moofomr^ 




GO 
















• • • • • 


.^«-(00«-4,-4C O oo O f-irri 


2 












H- O 


in 


ooooo 


OOOOOOOOOOOOO 


o 


o 


OO o o 


o 


oo 


o 




a 




UJI 


M 


OOOOOOOOOOOOOOOOTOOOOOOOOO 


3a Qc 


t 




3UJ ILt UJ UJ LU lulu UJ LiJ UJ LU UJ LU 


p” 












o >- 


o 


m^*.*00 


_jjn<Ma'in^o*-'iMOvOtnoo 




m0O00in*4-0'4‘0OO00000O0»Mr4000'4’ 


—II— o 




< in a r>» f<T o r* m a vT >r o m 


o 




o 








.U2L/31U 


UI 


ooooo 


>u> sOOT<*Jp-ou'ro,-«m«£;Ocr 






o 








OOlU-j 




♦ ♦ 4- ♦ 4> 


m u' O' <0 O O CO o O *u O' c-J rn 


u. 
















OCOLUUTU/U.'UJ 


^ >o m f-a f>i •4’ rvi in in 'O 43 


•M 














< 


UJZOOoOO 

3000000 


• ••«••••••••• 


lu 














> 


OOOOOOOOOOOOO 


UJ 
















COOOOOO 


1 ( I 1 1 I 1 i 1 • I 1 1 


a 


u. 


CLQ. 0002 2-11-00 


aa 




aaaa 


2 


.jooooom 




l/> 


LJ 


> > VT VTU> O OIaO 


a. 


X 


u 


>-(<> 


U 










>-^“30 UJLOX<X 




o 


F- JK*— 




• • • • • 


>0 O O 'O 'C'043 43 >0 >0 >0 'O >0 


CL 


< 


CUJi-.t-t-i— <JH-X 


l/> 


<t 




H- 


ooooo 






H- 


— 1 — I ..A X X Oco QO VT 


H- 




H-a 1- 


O 








.J 


LULU "V-W 




<2 


u. 


U.02< 


2 




OCZLULULULUUJlUUjU'atafLUUiUJ 


V3 


LU 


mX3X0X0333.j 


lUM 


u. 


XoCt-LU 


D 




LUI300C0000000000 




o 


U31U22222^^:^IU 


XlL 


c 


vrau-X 



-<9 

<z 

o • 

^QC 

o< 



H>2 


UJ 




>-A 


oo 


o 


• 


< 


2.- 


a 


> • 


QC 


X>“ 


< 


a*^fMa<4*in 


p- 


UL>< 




•z 


v> 


o 


a. 




aC. 


VUC3 


< 




o 


>o 


> 




o 


t-o 


2 




2 


o< 


o 




o 


ui<a 


P-A 






->o 


VI 




VI 




lU 




Ui 


oo 


o 




o 



300000000000000 

C^COOOOOCOOOOOOO 



OOOOOOOOOOOOO 
( I I t I I I I I I 1 I t ^ 



ttj •r»coc7'0.-Mrjfn'4*«n>or-<r<r CO 
O oc p*“ r» r» a CO CO CO CO CO CO ® OD CO X 



<4* iri 'Or^ ao'Oi-ACMm 



00<^'0r>0^-00o0 OOOO 
000 f 0 r-mwnf >-.00000000000000000 

o o o >r ® m o o o o >o o oo fNi*-* cvj*-*o o oo o o o 

tMOW' <orv4 o 

inf»* o 

o 



rvJLULU 

or OO 

00- £X 

1- VTVT 
UlOO 
«IUJLU 

os: 3: 



v/T>- v-ocQ.x<»cpffl a, t-o,a 



a: 

< 



2 

a 


UJ 

moo 


ax^’'ao«^-J^“at.o xox 

VIOUi^O.UJ X.U. 4U. «A 

X aoc.iumah-o.aH'p-xujx 


ai-t- 

LL.J^ 


cc 

o 


M 


O22aox 


Qvn ou-CCa2< 


Oiulu 


t- 


r 

V3 


miuc a «s.«s^ a X 

>>QCo-jacio 


oc 3 O XX O a X oC a. luiULuo o 
a V) 2 2 2 2 CLi/^a ao— laa a 


acmx 

ai/TLU 


3 



83 



SPECIAL PAYLOAD INPUT 



FIL 6 J OPIFFG OUTPUT A NAVAL POSTGRADUATE SCHOOL PAGE Oil 



2 

O 

M 

H- 

< 

O 



a 

r 



Q 

< 

o 



<GD 

VJ 3 

UiZ 

a. 

too. 

ox 

2 «/> 



vu. 

h- O' 
— org 
V)o • 
2 !^C 0 
lUV) 

0<D 



psi.«r«rk»ra'UAr- 
r»oof\i<^fn<X!oo r- rg«— • 

• •••••• •••• 

tf>sf 000 ' 4’<^0 cro'O^ 

0-^ *-g 



z 

o 



evj o^sT o ooo CO fvjifvr^*^ ^ C'tr iT( 

^ o «-<o i\»ojic o 'T ^ »r vr ^ p- o <v«o 



»rv .-I o o o o o o 'J* i-i fw fvj o 



Z 














o 




ITiCO 


< 














20 


(f\ 


> 000 * 4 ‘ 0'0 oeg 


egm'OCT' 












r>-*j-' 0 <t’sj-eg<r^ 


>rr*-co*-i 








o 


O 


in*-iOOOego 


g--N -<0 








Z -1 


rg 


ooooooo 


oooo 


X 


votoOoQ -)-»-> O. 


2 -j-.zxQ.oo.aa 




• 


• •••••• 


• • • • 


OI 


* zz--«j«<cicoxa 


— goxo 


a> 


o 


OOCJO^OO 


OOOO 



z 

o 



z sjfooo''ri/>*-''Oo<NJOcgf^CT‘aj 

OOOOOCOOOOOOOO 
> uocooooooooooo 

o — • vr»^ 



rvi r-^ ' 4 * wnifk w ra ^ o ' 'T »-• 00 o eg c I o 
<\i eg ^ ^ ^ >o O o fsj fO >o on ^ ^ O 

1 ,-n— I,— i^cvjrgcNi 

OOOOOOOO'JOOOOOOOOOOO 

OOOOOCJOOOOOOOOCJOUOOO 

^*-g*-* O*^ O oj %0 

oo 'j' 

OOO 

o 



UJ LU U» It. U- > > > X S > > S X WU ^ 

> a: > QC t<o >». *-un <D CD 'v ^ *s, > * 

oa<uKi.<ujao®<^oO'j< 2 »-Q.-» > 
•i VO o. Q. o a o. c »- z H »- »- X X uj 3 X o. a 

it-iX :k 3> > > 3 >3 3: X >3 z ictoo :i 



eg-4-cvjNOO'<ricvioorOoor»oe-om«4* o O 
rg CO o CO o p^ 00 >r 00 fo m oo r» o <T» o o o o o o o O 

i-i fO r> ^ O ® eg >f ^ nO (T >0 <7* O O ^ O O O O O O 

in<4‘9'^rgcvi»-4^rn<vi *oeg'*r*-*<r\ra o 

meg n>cr^rgi*M^ •-* 

Oir>'4‘ 

Xk<N»cg 

«jo: 33300 c 2 rx-ip -0 
-<voQO»-'<Mro^tfN^f»*»- ^ ai:^t/)«> 0 L 0 OOV 0 

Lt.w<Qt CX(/)U^UJ 30 LUI/>Z 

O < Ql O. O. C3l O- Q. a »— X«/>*/) — <X C LU^ H- < H- 

ao.-<x«xocatta:otot *-.#-x-jZXOvocc£«/) 

(/></> oooot;oo-j-^— iXH» 

CO>^ 3333333 >§>o 2 SzZzZ 255 S 



a'^rnootn<-«»M Oh-'Of-^fO' 000 *^NOOr-iOOO 

C 'f' gj g3 *-i o to e- trt e- o o 00 »n o O' o o a o 

U> 'O O O U> O ® O O tr> 00 O UMT. o O O *-• 



(T v}-»-ifn<Mrg<M 



o o if^rgrg eg <r> o o 

ITiOnT ^oo 

<r* 4 “ 



OJ 
to 

o ox oroz 

^ 0 . 0 . a-OP-cLiGtlD 

XX 

VtUiVJVt ‘< 40 ^VtJL 

UJO LOOlt-<»— i^HiJQ. 
OOooXoZloOX^vo 
OUJOC lttO-XoO'^>s.x<IOZ«/>Ui>X 333 X 

«JOOCCOO.^(.JU>> -<cCUJatvoLu>>< ^vo 



XU. oo> 

0-*«i<0*^rg*iz 



o 

o> 



vuvg 



UJP- • 
-JXU.® 




®sCom 






»M. 4 >rn,-*CP Org 


oo<-»inm 


z-jo<r 


0 ' 4 *njOeg. 4“>0 


c\j r*mcr 


cco^ 


or‘^-<negeg»-ieg 


cMroo* 


—> 


o 


eg -* 


rg 


K 








o 








r 








X 








u-o 








i < 


O' 




^h.gjr> 


1 oi 


UN 


O'^TPieg'-'inm 




OOLL 


o 


CMOCOOCO 


ir.*-^mo 


H- 




OOOOOOO 


OOOo 


-JP- 




• •••••« 


• • • • 


X 3 

t/> 


o 


ooooooo 


oooo 


UJ 








C£ 








CP- 


in 


O' mm gje- 




ojX(/^ • 


• •••••• 


• • • • 


.-v?z 


:»rv 


'f ' 0 *^ 0 ' * 4 “ O' eg 


op^gj.j* 






0‘fOC4 








H «3 

UJ 








0 

1 


(./> 


p-x uia 


VO 




VI 


UJC 3 


VO Ui 


U« 


— • 


oo <l~J 


z X 


X 


X 


'S.CCCCC X«n 


u *-• 


«L 




a*— «»«i -1 


VLV) VO 


1 z 




xoozx<o 


<XXt 03 


1 


f-« 


o<<ioo>*>‘ 


UJO«v) 


i 


z 


oatf voujujo 


3 t?X< 


u. 








■ => 








• a 


o 


0 ^eg<n' 4 ‘g >'0 


O*— legm 



84 



FIt£« CPTFFG OUTPUT A NAVAL POSTGRADUATE SCHOOL PAGE 012 



>hL 



00 o 


oo>4'^r^® 




sT 


•o 


H- 


or-o-to 




ooooo 


<D 


c^oooo ooooo 














«A-0 


OCDOtrvO 


«o 


ooooo 


<M 


-•OOOOOOOOO 


tUlA 
0003 
Ui ^ 

o 

z 

t- 

zu 

c< 


uy o 


U-(*AfMrO'0 




f- 


(A rn O' «A *o o o o 


uo: 


^ lA 


CT^ino'O't 




o 


U‘>0>>Oc>iO''^f'JC'(M*^ 




O O 


0'0'0f'»0 






O O O O o A i .-4 


o 


ooooo 


oooooo 


ooooo 


Ai 


-•OOO OOOOOO 


Z-J 












*^a 


obooo 


oooooo 


boboo 


o 


oooboobooo 


Q-> 

o 

a 

cc 

o 












UJH* 


OiAOfvJO 


b 


ooooo 


o 


lA f^'O ^o <vj b 


-isru. 


'O rg 


f-ioOlAOO 




ir\ 


^ r-f lA m O' *-4 O' OJ »-i <M 


<o 


(A 








Al Ai o 00 AJ r*“ lA 


z jz 


<NJ 


OAi'iforx 

m 




p-H 

«~l 


aOO'fO»-4'4’»^»HO' — <IA 
o Ail-I 


coo 
— > 
h- 



U 

5 



'OU'irm mo' O ro«0*-< ojro 

CQ sT rOCM O iTkCsJOCT O’OtTS 



Ag*-«fn»-<MOb 


OrOA-i-t 


1-4 


‘Tr-iO^ 


0'0'-40'0r'“ 


0'lA<'f^ 






^•-4 »4 


pp4 


1-4 




Pi4 


o 


^ m 














»A 




lA 'OO'OCOAJ^ 


'OOOC' 


o 


Oi— -HO 


A- O' -4 


AJlA 


O'CCAI 


OOiAm 


vT AjiAir^fom 


OOco-< 


X 


'0*-4(A0' 


OJOO 


330 


O'O'O 


-^p-rn-4 


a*>0*-^0*-«r-i0 






f0,-40^ 


AO'^r 


O-H 


AlAiO 


-hooO 


OCOOOOO 


oooo 


lA 


oooo 


AJf-oOOO 


COO 


OOOO 


OCOOOOO 


wooo 


o 


oooo 


boboob 


OOO 


oooo 


Air-rg^obo 


A>»0® ^ 


O' 


lOO'OA^ 


boOOrO-H 


mbiA 


lAOAjr- 


«00'lAAIu*\A10 


AifOOA- 


AJ 


'4‘OIACO 


00 A- O' 


P-4 1-4 


<T?O00 




>rr )A03>f «Of*“ 




f-4 


»-4»OlAO' 


AJ,-I,-4 


^00 


oo 


0'IAA‘pO 


r» AJf>» *43 »-i 


lAIA>riA 


*p4 


OOlA AJO' 


O-oO 


>ro' 


lAlA 


iApn-4 


Ai 




O' 




mo'Aj 












AI 













U.O 





^NTAiO'AioO 




<o 


00 


1 < 


(MAo-i.rm'O-r 


-4tn-4>r 


AI 


>ro 


*r 


4^0''*iO«0A> 


romo 


Ai«OCOO* 


Oroi-i 


p-^fAO-nO'O 




O' 


o 


1 a: 


f'“OAJOAiOt-« 


p-oD'^m 


o 


OOO 


AJ 


<—• OrOO'GOO' 


A*i-|*0 


CApHOO 


coo 


fOOOO-HO 




(A 


P-4 


</)U- 


OOOOOOO 


AJOOO 


o 


— o 


o 


lA— 'O-HOO 


P— HO 


-'OO*-' 


OOOOO 


OOOOOO 


ooooo 


o 


oooooooooo 




OOOOOOO 


oooo 


sT 


oooo 


-ipHOOOO 


OOO 


oooo 


ooooo 


oooooo 


ooooo 


o 


booboboobb 


03 


obboobo 


OOOO 


o 


oooo 


oooooo 


OOO 


oobb 



Hi 

ac 



000-^0 


fnpHo>fHor*. 


ooooo 


p-t 


pnoOOOOOOOO OK- 


OtHAJrOAJpHO 


03 CACAO 


<s 


A*<AOlA 


o-rA->riAO 


-ro-j* 


O'pOCO'O 


























OAlAlbo 


P^AipHOJOAi 


obbob 


pH 


OOOOOOOOOO -JOZ 


OOpHOpHCDAitA 


-4‘obo 


o 


•OODob 


r-rAAif-o 


-40.H 


blAAiCD 




pHpHAi »0 
o<« 




pH 


fA imiphO 

<UL1»» 

A“3 

UJ 

o 


Ai pH 


rw^-HfA 


>r 

•4- 

pH 


cnAi 


roo'pH>OA3fn 

lAm 


pO'TAJ 


>r m 


ai -JO. A 


Z A- tu 


CO xt/> 


-J 


cox coxcccoXph 


ZXZ>-i 


3a 


CO 


HA- 


cox aaH 


XV- 


zoo 


<,W3UJO<4 


4J-JZ v>0 


Ol ujph 


Ui 


ac.cot—otco»—iuto>- 


v-Up‘-jujqi:up 


CU CpUJ 


a. 


— ZZCO 


>ac/JQ.UJ<X 


oo 




,«X viUi 


z 


c 


z 


tJ)UJliJ<JLUUJ«3CJUJ«2 UJ 


(X XOUil^Ui 


ocn»-»— 


CJ 


VhC^OCLI 


ioojui •:>o 


<tx 


<iza 


acO 3 


A-QL”ViUJ^-«* 


o z 


u 


ZOXOCDXO 5100 X 


CZ Oi/lcJO 


4tUJCO< 




qt oo 


zac<-H 


-a. 


v-^l- 


UKZUpW 


<A“-*0COZ 


XCiO»/»i-i 


CO 


*— <l 


OiPhO <X 


^UL ^ 


<x 


A*Q. — 


U.X<a3liiH* 


xxtii 


Zioo 


Z <iu 


—ZUCOQ 


a.ac<</)tu 


(X 


>U.U.LLUQCUJUiUiUJ Z 


axcoccOitf 


COotA- 


M 


ZphXU- 


OOH -“ZZ 


ooa; 


—OUJCO 


^XXUJA 


^CA-A-«CL 




CL' 


>— u. cu u. u> Hi CL cx. (X cr 00 


ZOCjUiUJUiUi 


•-C-U-0 


X 


OX<lLL 


<*«ax«xuj 


LUZZ 




XVOOXtA 






a 


•J C O C Vp^OOO O O X 

z 


co<a. X^occo 


cococxa 


CO 


u</>cao 


xxZcor> 


o-<z 


XXUiX 




O.HAJr0^r»A 


ooooo 


O 


a- 3 

OpHAJf0-4*»A'i3A-03 0*'^ o 


Of^AJfnNTIA»0 


OphAJcA 


o 


OH«AifA 


OpHAim-riA 


OpHAi 


OphAJCA 


AiAlAjAIAJ 


fAfArOfAfOAl 


>j'lA *OA* O 


o 


pH-m^pH-HpHpH-MpH^X IX 


AiAiAJAiAIAiAi 


fAtO A3fO 


o 




AJAJAiAJAiAJ 


rA fTi (A 


>T4j-'r>r 


<*Hp-4 


pH^^pH^i-4 


rH P-4 pH -H i— 


AJ 


AJAiAiAiAiAiAiAiAiAlCO O 


JMAiAiAiAJAJAJ 


AiAiJ>iAI 


m 


fommra 


fAfOfOfOfon 


A»n^<r| 


fArAfA fA 



85 



Fliet CPTFFG OUTPUT A NAVAL POSTGRADUATE SCHOOL PAGE 013 



>u- 



iACNJ <4’^ >0 






fo 


r— 


000'T>4'000 


— 3 


OOOOOO 


moO 


r- 


• ••••••• 


c/>0 


• ••••• 


• • * 


• 


^^^'4‘o^•'OO^o 
«rm% «— 


X'V 

luc/> 

OOCD 

UJ ^ 

3 

Z 

5u 

o< 


OOOOOO 


ooo 


lA 


oco >o 


OOL 


«Oa*0'8D 


O' 


o 


CD 


Li. 


>0r»<MLA 


o 


o 


oo ^ 


O 


vT^OtVi 


CM 


o oh- 


oooooooo 




OOOOOO 


-^oo 


o ou. 


• «•«•••• 


«o 


• ••••• 


• • ♦ 


• > 


OOOCOOOO 


a> 

a 

oc 

o 


OOOOOO 


ooo 


ox 




tOK 


• ••••• 


• • • 


• 0^00 


poooo'r^oa-o 


-jxu. 


O'OO'OOO 


ooo 


zo: 


r-«o cn*© r*- 


<3 


uooino 


o 


O' ^U.Ot 


<\|IA iTtCNI CO 


Z-i3 


'J'OnJ'O 


O' 


^ 1- H- 


r-'4‘ m 30 


COO 


rn O' .—tfA 


a 


m C/1K-— 


fOCNJ 


t- 

o 

z 

3 

U.O 


PU ^ 


o 


O *-*33 

LA 3 

h- 

X 

0«JO 


Q*M 


1 < 




(A «>r>NfP'» o 


O —^3 


^fO 


1 c£ 




CM m^o^ 't' 


o ujoc: 


0«M — O 


(/>U. 




O ITMA^J-O O' 


o 3U.3 


Oi^OOOOOO 


V- 


OOOOOO 


OOOrO^^OOOO 


O 3 


• ••*••«• 








« «*-3 


OOOOOOOO 


33 

OO 

UJ 

OC 


OOOOOO 


oooooooooo 


0 3U. 
c/) 

CO 

1 


f-.momfnoO'^- 


o>- 


OOOOOO 


oooco^-,-*ooo^• 


33 CAH- 


• ••«••«• 


OIXOO 


• ••••• 


• •••••• ••• 


« L-XLA 


CM o <M O *»> '© 


«*GZ 


OOOOOO 


O'OOfA'OODO'OO'A 


>0 -*oz 


4*0' «-^© 


o 




lAfOO**— m 


«r 3^0 


r-in 


<Ui>- 

f-3 

UJ 

Q 




tMlA^Csl m 


LA </>UJH- 
m UU3 

<x 








ootoa^-j<o OW1 


--0 


OPI-* 




Ui^ ZZ 


3 3>- 


3 


OUUOU^vi 


UJ 


Lyv» OH- 


slX^G33CJ —00 


— UJ 


< tu wrto 


X 


« 


Oj X J.XXU.U. 


3 —X 


^ ^ ujuj (/) o a. a 






•^<3 -»o 'jiuuja 




O UJ a (OUic/io < uj 


z 




VI ^ tt. 3V>OVJ X UJ 1— t 


^-UJ^-Z 


>-o O^i—v-o® 




<X <tUjCU_i~- 


<333*aujUJQtacX 


OOJUJ 


</Ju.oc-;oa:fc^«x 

a 


a 

3 


»-<r3a.>xx 


©- Xoo X cDooo < u-00 


i-ro 

3 

z 

Ui 

a 3 


O ^ Pvl nT lA O P» *— 


O 


0^<Njm>rir 


oooooooooo 


— a 


u> lAuvruruniAin X 


ot 


.C'O'O'O'©^ 


r»aocr o^^AicA^^ifso 


X (X 


tn «A rofn fH rn^’ Mn c/i 


o 




«ri cr» '>r >r 'J' Nf -T -j- LA 


«/3 o 



ma'f*fnoooooooQoao«AflDh-oo<^fn' 000 'Oo»vjooor~r* rooo 



CO 00 0 O^• O O' O -< 

r- m o ^ oO'O't^O'iTt vT o r- ^ co m 

OO m r- o3^tMrn*-» •— O O Oo ^ O' vi* 

^00000000000000000000000000000>r ooo 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO ooo 



QfN. r«. 'Ttrv o m co oo 

«0>^' rsi <Mi-if>“*^0 oo m ^O 30 o ^ 

r->r CM \f\ i~»o o oo o trv 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOcn ooo 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO ooo 



O^Op^OOO— OGOO^— f^tVIOOO'OOOOO-^ O'OU^OOOO' o«>o 
-or^o-ooooifkoooo''-*0'0r^oo0'0-^oor-0'^<v«oc7'0»- o^o 



I— *r^5J'fn 
<NJ 



tM m — * 



OOh-< 
— *-^U- 

a.u-— a. 






acou)o_iir aotH-H-cox 
►-203.WU h-ooo—o:u# 

QC o.ouuj(/ia: cJX=3 x 

uuo. <-j ujr-^-w v-M*j 
a.o^a::^ocx t/i<-jujv> 
O at -)♦- at at U< ^ CL ct 
<ov)cD</)0 



H- 3 C»-»-OH- ZI-LO 
ao-«a>— L.' u»i— a 
O 

^CCCLOCU. U3XO 

</)^:r^ujQ. •— C3 

<tuQujcxot ucx^ 
XV0H-3U-O coax 



0*-orMmNrtnor^a>0'0^r>i<o<nrk^i>>aoOO<>«(Nim'4’trh«oo^ o«-*<\j 

GOOOOOOoOO«-**-*^.-*^^^*-^i—^rsitMtNi<M<MtM(\J<MlO‘A OOO 



86 



mCJ CPTFFG OUTPUT A NAVAL POSTGRADUATF SCHOOL PAG£ OlA 



fMOf^ ® ® *-^00 



m ^ lA 00 ^ 

p-l 



h-fTVinrvi ^m'TTMvOi-* 

04000 oooooo 

OOOOOOOOOOOp-» 

• ••••••«•«•• 

OOOOOOOOOOOO 



!DOH- 

2U)U- 

-*> 

H- 

2 

o 

u 

ox 

0 <VI 

xq: 

•— U.UJ 
H* H- 
I/ll-— 



^< 7 >omi^'OtMOo-<ooo^O'J'Or>» ir'mOiAcgoofvr^o''^*^— •'i'ino>ervi'^^cM 



ITV'O *-• o r** 



0 ' 0 '<y‘CM>f rsj 
cDiA‘4‘ ro 

f<lO— oo >o 
oeooooo 



oocro- O'Tr^iorvio Aor-f^ioor'r*- o**3®omi-^r-oa3aocr otr»'OOor«-ir.^^C' 

srr\ttf\^>ru\*f '4'^tA rvi | rg 



•4’(N400'OOf\im aOlTkOD CDO' O'CJO' ft^r^^p-0^^0(^^A'>a' •^’CT fV4 PM'TO'f 

I— •C'^r —<o >r vj-'OO rnr*- »-^rn.r in*cO'fr»rvi(THMrnm(noao O <vi>roo^ 

ooooooo ooo oo oo*r o^oooo^aocoo o ooo«-' 

OOOCOC OOOOOOOOOOOO OOOOOOOOOOOOOOOOOOOOO 



I— 3 -i OOOOOOO COOOOOOOOOOOOOOOOO OOOOOOOOOOOOOOOOOOOOO 



oo*— • 

z 

u 

u 

ox 

o«/^ o 

Zci tM 
— U.U' O 
*- I— Q 

—so o 



( 7 > 04 ( 0 «-t 4 * — 

— ooo ooooor- 

ooooooocoooo 

• ••*•••••••• 

OOOOOOOOOOOO 



X 

ooo 



LUOC 



— 

OSu. 



■*rcN 4 iA— o o otrveo^m^cM oT'O'O -o-o 

^*»f‘Ou^— ® a^-OiNim— Ot^ m>j‘0 fMiA — rviCD 

rvio— oo ooooooo oco OO OOt<l 

ooooooo OOOOOOOOOOOOOOOOOO 



'Op-i» 0 <^' 4 ’® 0 ' 00 ' IA 
rvicoAjcvimoiA 'O 

o— oooooocooo o 

OOOOOOOOOOOOOOOOOOOOO 



X 

oao 

^0^'00 — <-i '4* 

tuoc ■— 

COOO SULX O 

-JO 



OOOOOOO OOOOOOOOOOOOOOOOOO OOOOOOOOOOOOOOOOOOOOO WJ 3 U. 



oo O OlA O OlA o 

#••••• •••••• 

f^r- <MO o Oca oo— o 

o *-4 — —in 

CM 



-x«/> 

c 

l/)LU>- 

UiX 



(M'OCOOO'T or* 



^ o o lA - 4 ’ — O (T* —•O O <A O r« o O' 

O'! CM O CM •4- O — O 'O CM O O' O' G •4- CD lA 



— cM>ru>'^'«jr>r^cArncMO'Or*ooO'OeDr*cM «/»— 



rA— CMr-CAr'-OCDCOCACMOOCMOOO‘AQO'(0 — fOZ CA 
— '^■CM (A — (M CM — ,aH(M 0—0 

UJX 



OCoC 

c:l— ooz t.uu;^>a.-ai-i 
• < Lu o X 2* u cn </> a. u. ^ 
OC v: i-OWaJ-i— 

03 OJ <i a. V M-) o UJ — <4 a. CM 
•X^O wcrv^oc^ujc^ 
X C a CX 2 3 — O m UJ Q. QL 
</)0 X ^ X UL uu. -ice o o 



fn'*“*r^or‘coo‘ 0 —o— 
OOOOOOO— cAin 
CMCM CM4MCMCM CM CMCMCMCM 



— o 

UJ 
^UJ 
— 2 . 
CX'44 
UJh-Z 
OUJ 
XQ 

o 



X 

o 



20 

UJOJ «eO.CJO 
03 — <X-JH- 

XCiAUJl-— u. 
a. CA 

3 cJ 50 a. 2 X 
UJUJ(X 

uia.o-joeoo 



O— CMCAO — 
OOOOiaCA 
rnnc'icAfiKA 



tn x>ii cAi-^*o»- 
mviu ov’«a.-ju> 

uc/i>- >vju. ozoL i-uj(xu-r- 
(U></)0 </>U. XO H»<x I— — Q. 

i/> ^ 00400 ^vj>r 

>• o xoxaooui4,2'-iJUJca- a. 
<oulx ou.i/>c <■<—' 0 . 0 — ujoce 
2 — O O UJ X 4 X cc UJ iA I/I UJ UJ oe O C3 



0 -<M»A>rm*or*c» 0 'o—CMfniAo— 
OOOOOOOOOO— — — lAlA 

M- 4 M- Ni- 4 'T 4 *4- -r 4- 4 4 >r M- s4* 4 



oocn0^00 2»-«/>t-cn2i-a: i-ujcjo O Q. 

>>2a,^“Z — X><I<X44 — XZCi— »SC/>0 UJ o 

i/u/icj lu— <4Ui(/>-£u.aa.aj<i^*o— -j— ijlx. — <uu uj 

OQC *ccx »-xci.*-x »/> a— a£uj * —X 

r-r* uju.2.ujuiu>u)a.o:!CU. /-or-ujcja.tC44 a. 

< 2 DLU.<Xcx.a:-JujXuJ 2 X 5 <c»^*^^' 0 ouj »-2 a 

lUUJ— UJUJO— —4QJO -J 4 OOX— — i2C3UJ r- 

XXCtXa.UL.tfc.CDUL<JlU-^-0-tCD2CCAac<^0 00 

z 



o—rvirA>rm'«Dr^cDO' 0 —cMrn' 4 ‘invOr*T 30 ' 0 — 

OOOOOOOOOO — — ——— CM X 
miAintf.iAtniAU muMniAmtAiAmiAiAmu\iA</> 



o — 

oe CM 

O lA 



87 



FUE: CPTFF6 CUTPUT A KAVAL POSTGRADUATE SCHOOL PAGE 01! 



OO^OO'O'O- 4 -^O' 0000'00c0*-»00 



O O O o o »r in tr\ hO 

<M 



^ OflD^'OOJ 
O *««OOOrn 
OOOOOOOOO^ 

• ••••••••• 

oooooooooo 



^o>r^cc^^r<coa^^T'.^^^unomo^ >r<3Oo^O0Or'0O»rO00'J^<N»m 
•-« cm m n» <m cm ^rn<M 



®r«»^CO®OoDtrirnoo.-*r>-GOir. ^- 
>roOO® 'T co%r o O 

000^0.*-*0^-‘-'000000 o o 



<J' CM 
rj m 



CO CM 

a ^ 

o o 



z. 



z 

o 

o 



o 4 <\jfn 

fMOO 

oom 



OOOOOOOOOOOOOOOOCO^ OOOOOOOOOOOOOOOOOO 

• •••••••••«•••••••• ••«••••••••••••••• 

OOOOOOOOOOOOOOOOOOO OOOOOOOOOOOOOOOOOO 



0 ^< 7 ' 0 '<M« 0 ' 0 » 0 »nO-.coonjr“>r 

p— o ^ •»••«•••••••••••• 

LOOU. ®o®O®‘-^^OO>j-OO* 4 -'rr 0 i*-.l^ 



o ooooo* 

OOOOOOOOOO 



sr<xjr»rr~' 0 >r i'T >r m «» 

m>r 0 r-in 0 ' 4 *®omnim»opoo O <m 
ooooo<-^ooooooooo o ^- 

OOOOOOOOOOOOOOOOOOO 



>0 w ® O' -AJCJO 

m ® o o ^OLO 

O ^ O O 00 «^i 

OOOOOOOOOOOOOOOOOO 



r 

oco 



oooooooooo OOOOOOOOOOOOOOOOOOO OOOOOOOOOOOOOOOOOO 



ooooo<r>fm^*#* oof^oop^tno'^xrcM’srrM'OO'moP-O'r ®oooooooooooooou>' 0 ^ 



OO 'TO O'T 'OfM 
(Mcg 

rn 



aOacOV )2 

xu>o 

UJ^LU*^lX.U. X^P- 

Oiuowo a>-w- 

a.Wr/(XaJUJ< VIT 
Ooc »- c. < a. Q. X o. 
^^^<»-ZUJOqC 
ui<<UXuora:^o 



crrncotro«^^*~' 0 ^ 0 '^ 



P- >p-OO 0 CtOt 0 Q.<X 0 . 22 :ZOP-</ 1 P- 

* Z’*».w^ujzxwLJWttac.!X_(U.ow 
IL. 

'/’OO H- a LU a.u.i^A/j»-«u, 

^r'«OW«^F^U)^LL^U.>> «A 'O 

-i-aOOir— -»u«ooa.u.<x 

O tJ Q < ^ 32 H- r- it <i *^u. u3 < Ui u> at 

X£a;^zo.ox</) 320 wCZa:c.:co 



niOOO' 0 OOO<MOOmOOOUkO 0 ' 



LUOC 

U 3 U. 

t/J 

IS 

t 

I 

«/>h- 
K XVI 
-JOZ 



oooo^'Orn o m 

m .-hqi^coim —* TO ^^co 

o *-0000 O C OO'O 

oooooooooooooooo*-^ 

ooooooooooooooodo 



00'<'f«-0'mi-HOh- oo OOfnf*»in 
o O O ^ eg r- O ® O -O o o o o 'T m <N 



o 

Vico 


v> 


1/) P— 


COH-COP- 


3—C 

V>UJP- 

uj:r 

Qt 


eg *^rn rn «-• O 

UJU-U.O p-h-ocp-<xx>a:xX>-j 


UJW 


o 




LOO.OU 


UJ 


Ulu.U.XCJULCOLJi^r’Vlvi.uJ 


XX 


X 


XZV3 


XCC— F- 


wLU 


lj UJ u j a. :C *a a, ^ UJ *> » X ct ►“ a -j — j w 




p- 


OCX 


a— u. 


— X 


WW-aSottOLOZ F-P-<LUJ^ — 


LU 


a. 


UJ<1 


1:3^4 r* 


(-t<l "M. 


U. W(1/)U. <t(_J ^ 1 




ct 


Z at 


0 CQ.xa 


ujf-Z 


atOZcca;co^u.a3aDuJ 


a.i«i 


O 


«X — 


<UgQtot 


SLU 


Xa.<x>— otuj<iuja.u.a O-JX 


i^S 


1- 


rv.< 


uot<o 


xo 


VI p- Q. to ^ < Q. o X «i a c a at -J X 



rgOJCsifM <M <M<Min m 

mmmmvMnuMTim 



o ^ rg m 'i' «n %o r- ® O' o <vi rn •j' m o ^ 
oo o o o o o o o o •— ^ t—^tfun 

'C O <0 ® 'O g) ^ 



o ^ rg rn -^rm »o p*“ ® O' o ^cg rn O 0»^ 

OoOOoOOOOO«-<«-H— i^rvjirin 



=5 

a 



0 *-*'^m* 4 ’tri ® h-® O' o^<M<^sr»rv^ 

O O O O O O O O O O ^ ^ ^ 

OOOflO® ® 0 ® 0 ®LOflOflOOO® owoo 



88 



FllEi CPIFFG OUTPUT A NAVAL POSTGRAOtATE SCHOOL PAGE OU 



</> 

o 

03 



••»•••••••• 

ac< -4'Oo<f'r“<^J0‘O0‘ oo 

cjr- 

<JQC ^ ^Cvj CNJfSi 

ujX ^ 

lij^r 

rg 



mo^ooOrn^o«r\<r 

• ••*••••• 

rv 40 ® 0000 ® 0 'T »0 

O 



5!3 



u.»— 

^ ni ^nmino • h- 

m ® o*roo I < 

rg ^ ^o<ooto® 

O O O OO O rvj r*» rvj 

• •••••• •• 

000000000^3 



^ (T in c\j</N ^o f- 'O ® ® 

• •••••••«•• 

omcnv^moj 

^(M <M I mojmin 



fOOf^COO® (M^*^OLU 
#•••••••• 

fsjO 'J’ OO O'.r mtri « 

CO <0 

<r^^in<o: 

<N (T »»-0 



o f** o O' •«r -o f r» o Of^ 

• •••••••••a 

^mcj'Or-iT. O'O'Ofno' 

oorsi»-nowor» 

•^rs4 ^ 

rvj 



_juu O 

0 *-» ^ 

•i O i/) 0 CO 

aim I 

<<tox < 

CO“ 5 Xija 3 -Jo^-o 



(iXX ^ l-> 03 < 
UJOW 3 ^ 0 .^^ 

aj< 4 < LUVl U.(^*X <. 

i-xxco-j 

Wl ^C^UU^UJW W 4 CJ 
<OXVJO'-3Q|-OCX.UJ»;-r- -J 

CL<tOi/^^OX**Q.UJ>-m < 



k®o*o^cm 
w^^rgrgcM 
® 40 <30 O ® CD 



3 

O 



OOOOOOOOO 

ooooooooo 
-*<Mr ' 'T in -o r- ® O' 



flC 

a. 



89 



2 

3 

4 

5 

6 

7 

8 

9 

77 

78 

79 

80 

81 

82 

83 

84 

85 





APPENDIX B 
GLOBAL CATALOG 


FORTRAN 


DEFINITION LOCATION NAME 


DISPFL 


Full Load Displacement , tons 


Vsus 


Maximum Sustained Speed, knots 


Vend 


Endurance Speed, knots 


ENDUR 


Endurance Range, naut . mi. 


LBP 


Length Btwn Perpendiculars, ft 


L/B 


Length to Beam Ratio 


B/H 


Beam to Draft Ratio 


Cp 


Prismatic Coefficient 


Cx 


Midship Section Coefficient 



G1 


DISPFL /DPTRY - 1.0 


G2 


CGFLD/KGTRY - 1.0 


G3 


2.0/BTR - 1.0 


G4 


BTR/4.0 - 1.0 


G5 


-R/10.0 


G6 


0.48/Cp - 1.0 


G7 


Cp/0.70 - 1.0 


G8 


0.5/SLRAT - 1.0 


G9 


0.001/Cv - 1.0 
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APPENDIX B 



GLOBAL CATALOG 



GLOBAL 


FORTRAN 


DEFINITION LOCATION NAME 


86 


GIO 


Cv/0.006 - 1.0 


87 


Gll 


SLRAT/2.0 - 1.0 


88 


G12 


-1.0 


89 


G13 


RSSV/DHV - 1.0 



2501 



Note: Elements 2-76 and 90-2501 are contained in the ^ vector 
described in Chapter II. Only those of interest to the thesis 
have been listed. 
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APPENDIX C 





NOMENCLATURE 


a* 


Move Parameter 


BTR 


Beam to Draft Ratio 


B 


Beam at Midship Section, ft. 


BM 


Metacentric Radius, ft. 


B/H 


Beam to Draft Ratio 


Ca 


Transverse Moment of Inertia Coefficient 


CASDAC 


Computer-aided Ship Design and Construc- 
tion 


Cb 


Block Coefficient 


CGFLD 


VCG (§ Full Load Displacement, ft. 


Cp 


Prismatic Coefficient 


Cr 


Residual Resistance Coefficient 


Cv 


Volumetric Coefficient 


Cwp 


Waterplane Coefficient 


Cx 


Midship Section Coefficient 


DISPEL 


Full Load Displacement, long tons 


DHV 


Deck House Volume, ft^ 


DPTRY 


Displacement Estimate, long tons 


FO 


Freeboard at Station 0, ft. 


FIO 


Freeboard at Station 10, ft. 


F20 


Freeboard at Station 20, ft. 


FSCORR 


Free Surface Correction Factor, ft. 
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APPENDIX C 



GM 

GM/B 

H 

KB 

KG 

KGTRY 

LBP 

L/B 

OBJ 

q 

RSSV 

S 

S( ) 

SHP 

SLRAT 

VCG 

Vsus 

X 



NOMENCLATURE 

Constraint Values 
Metacentric Height, ft. 

Ratio of Metacentric Height to Beam 
Full Load Draft, ft. 

Height of Center of Bouyancy, ft. 

Height of Center of Gravity, ft. 

KG Estimate, ft. 

Length Between Perpendiculars, ft. 

Length to Beam Ratio 
Objective Function 
Iteration Number 

Required Superstructure Volume, ft^ 
Search Direction 

Array for Storing Ship Specifications 

Shaft Horsepower 

Speed-Length Ratio 

Vertical Center of Gravity, ft. 

Maximum Continuous Sustained Speed, kts. 
Design Variable Vector 
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